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Sir: 

COMES NOW the Appellant to present this Brief in support of the appeal of the final 
rejections of Claims 7, 15, and 16 in the above-captioned patent application. A petition for an 
extension of time is not necessary, as the Notice of Appeal was filed March 7, 2005, and this 
appeal is filed with 2 months of the filing of the Notice of Appeal in accordance with 37 C.F.R. 



It is not believed that extensions of time are required, beyond those that may otherwise be 
provided for in accompanying documents. If, however, additional extensions of time are 
necessary to prevent abandonment of this application or dismissal of this appeal, then such 
extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and the Commissioner is 
hereby authorized to charge fees necessitated by this paper, and to credit all refunds and 
overpayments, to deposit account 50-3077. 

For the following reasons, Appellant respectfully submits that the final rejection of each 
of Claims 7, 15, and 16 in this application is in error, and therefore respectfully requests reversal 
of the rejections. 
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Real Party in Interest 

The real party in interest is Ajinomoto Co., Inc, a corporation of Japan. 



L 



II. Related Appeals and Interferences 

There are no related appeals or interferences. 

III. Status of Claims 

Claims l-4 5 7 and 9-16 are pending. Claims 7 and 15-16 stand finally rejected in the 
Final Rejection dated October 6, 2004, and reiterated in the Advisory Action dated 14 March 
2005, and are on appeal. Claims 1-4 and 9-14 are withdrawn from consideration as being drawn 
to a non-elected invention. 

IV. Status of Amendments 

All amendments to the claims have been entered, including the amendment after final 
rejection filed on 04 January 2005. 

V. Summary of Claimed Subject Matter 

The claims are directed to an isolated DNA which comprises the nucleotide sequence 
from 1 1 17 to 1725 of SEQ ID NO: 7 (see page 5, line 22 to page 6, line 1 8), and a protein 
encoded by this sequence or having the L-amino acid sequence of SEQ ID NO:9 (see page 3, 
lines 21 to page 4, line 3). This protein is a novel ABC transporter. The gene which encodes 
this novel ABC transporter can be utilized for breeding of a microorganism to modify transport 
of L-amino acids across the membrane (see page 7, lines 6-14, and table 1). 

VI. Grounds of Rejection to be Reviewed on Appeal 

A. Whether Claims 7 and 15-16 are unpatentable under 35 U.S.C. §101 for lack 
either a specific or substantial asserted utility, or a well-established utility. 

B. Whether Claims 7 and 1 5- 1 6 are unpatentable under 35 U.S.C. § 1 1 2, 1 st 
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paragraph, for a lack of enablement by the specification concomitant with the scope of the 
claims. 



VII. Argument 

In the Office Action dated 06 October 2004 ("the final rejection"), beginning at page 2, 
Claims 7, 15, and 16 were rejected under 35 U.S.C. §101 and 35 U.S.C. §112, 1 st paragraph, for 
allegedly failing to provide a specific and substantial utility, and for failing to be supported by a 
specification that includes an enabling disclosure. For at least the following reason, these 
rejections are in error and should be reversed. 

A. Legal Standard Required by 35 U.S.C §101 and 35 U.S.C. $112, 1 st paragraph 

Patent appellants are required to assert a utility in the specification for the claimed 
invention under 35 U.S.C. §101, and this requirement has been interpreted by the Courts to have 
two prongs. First, the invention must be operable, which means it must be "capable of being 
used to effect the object proposed" in the specification. See Mitchell v. Tilghman, 86 U.S. 287, 
396 (1873). This standard has been construed by the Federal Circuit as a minimal threshold, in 
that "when a properly claimed invention meets at least one stated objective, utility under Section 
101 is clearly shown." See Raytheon Co. v. Roper Corp,, 724 F.2d 951, 958 (Fed. Cir. 1983). In 
fact, to hold claims invalid under Section 101, it must be shown that the invention is "totally 
incapable of achieving a useful result." See Brooktree Corp. v. Advanced Micro Devices, Inc., 
911 F.2d 1555 (Fed. Cir. 1992). In fact, inoperable embodiments are permitted. Atlas Powder 
co. v. EL du PontDe Nemours & Co., 750 F.2d 1569, 1576 (Fed. Cir. 1984). 

The second prong of the requirement is that the invention must possess a practical utility, 
in that a "specific benefit exists in currently available form." See Brenner v. Manson, 383 U.S. 
519, 534-35 (1966). The Supreme Court stated in Brenner that no patent could be granted "on a 
chemical compound whose sole 'utility' consists of its potential role as an object of use-testing" 
However, there is no requirement for a "substantial" utility, nor a "well-established" utility. 

In addition to the utility requirement, the first paragraph of 35 U.S.C. §112 requires that 
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the specification describe the invention sufficient to enable any person skilled in the art to which 
it pertains to make and use the claimed invention. The focus of the statute is on the person 
skilled in the art rather than the general public, and enablement is determined with reference to 
the knowledge possessed by this hypothetical artisan. The test for this standard is whether one 
reasonably skilled in the art could make or use the invention from the disclosures in the patent 
coupled with information known in the art, without undue experimentation. United States v. 
Telectronics, Inc., 857 F.2d 778, 785 (Fed. Cir. 1988). The seminal case in determining if a 
claim meets this standard, In re Wands, 858 F.2d 731, 737 (Fed. Cir. 1988), promulgated a series 
of factors to be considered when determining whether there is sufficient evidence to support a 
determination that a disclosure does not satisfy the enablement requirement and whether any 
necessary experimentation is 'undue.' 

B. The rejection of Claims 7, 75, and 16 under 35 U.S.C. §101 is in error 
Claims 7, 15, and 16 were rejected under 35 U.S.C. §101, as allegedly not being 
supported by a specific and substantial asserted utility or a well-established utility. Appellants 
assert that the Examiner has not met his initial burden of challenging appellant's presumptively 
correct assertion of utility. See In re Swartz 232 F.3d 862 (Fed. Cir. 2000). The burden of 
rebuttal only shifts to appellants once the Examiner provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility. Id. See also In re Brana 5 1 
F.3d 1560 (Fed. Cir. 1995). The Examiner has stated that appellants have failed to provide a 
"specific utility", a "substantial utility" or a "well established" utility (see First Office Action of 
January 14, 2004, page 4). The Examiner also asserts there is no "real world" use for the 
claimed invention (see First Office Action of January 14, 2004, page 6). 

The Examiner has alleged throughout the prosecution that the asserted utility is for 
"treating an unspecified, undisclosed disease or condition" (see Office Action of January 14, 
2004, pages 5-6, and the Final Rejection of October 6, 2004, page 6 ). This assertion is entirely 
false as appellants do not state anywhere or suggest, either explicitly or inherently, that this is the 
asserted utility. The asserted utility of the claimed gene and protein of the present invention is 
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that they are useful for breeding of a microorganism for the purpose of modifying transport of L- 
amino acids across a cell membrane (see instant specification at page 1, lines 9-12, page 3, lines 
3-7, page 8, table 1, and page 21, lines 15-19). This has nothing to do with treating a disease or 
condition. If the Examiner has not understood the asserted utility, he certainly cannot meet his 
initial burden of providing evidence to establish reasonable doubt, and thereby shifting the 
burden to appellants. For this reason alone, the rejection should be withdrawn. 

The Examiner has injected requirements and standards into 35 U.S. C. §101 that simply 
do not exist. Furthermore, the Examiner has elevated the requirements of 35 U.S.C. §101 and 
§112, 1 st paragraph to mean that appellants must provide clinical utility for a biological 
invention. There is no requirement in the statute or as interpreted by the Courts that the utility be 
"substantial" or "well-established", nor is there any requirement that a biological invention must, 
de facto, demonstrate clinical usefulness. The seminal case, Brenner v. Manson 383 U.S. 519 
(1966), did state that to satisfy §101, the disclosure must assert a "specific benefit... in currently 
available form" and was cited by the Federal Circuit in reference to an asserted utility of a 
chemical compound as "a potential role as an object of use testing". See Zeigler. However, 
there is no requirement for a "substantial" utility, nor a "well-established" utility. 

The asserted utility of the claimed gene and protein of the present invention is that they 
are useful for breeding of a microorganism for the purpose of modifying transport of L-amino 
acids across a cell membrane (see the specification at page 1, lines 9-12, page 3, lines 3-7, page 
8, table 1, and page 21, lines 15-19). This is applicant's asserted utility for the claimed 
invention. The Examiner actually did challenge this statement in the Final Rejection of October 
6, 2004 by continuing to argue that a "well-established utility" has not been established, and 
cited to a reference which allegedly teaches that over 50 ABC transporters are known and 
specificities are varied and diverse. Actually, appellants assert that such a disclosure in a 
publicly available document merely bolsters the argument that the invention has a specific and 
substantial utility, since appellants have shown that the novel gene and protein claimed is an 
ABC transporter, and this class of compounds is well-established class of compounds with a 
specific function in the cell machinery, i.e. that of facilitating ligands into and out of the cell. 
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The ABC transporters have an established physiological function of uptake and excretion 
of substances into and out of the cell, hence the term 'transporters'. This is obviously an 
important and defined function in the cell machinery, allowing a cell to, e.g,. excrete toxic and 
unneeded substances, while importing useful substances for its metabolism. Appellants assert 
that the Examiner has failed to establish reasonable doubt of the objective truth of any of the 
above statements, and the Examiner has provided absolutely no evidence to support his 
otherwise bald assertions. 

The gene/protein of the present invention has several asserted utilities: the transport of L- 
amino acids across the membrane of the cell, for secreting L-amino acids out of the cell, and for 
importing L-amino acids into the cell. Transporters have a defined and credible usefulness 
which is practical, in that these proteins can be expressed in a cell and effect the transport of 
substances, and in the instant invention, L-amino acids, inside and outside of the cell. Any 
person of ordinary skill in the art would recognize this utility as useful and 'in currently available 
form' and not merely an object of further 'use-testing'. The protein of the instant invention is 
clearly an ABC transporter, and this utility has been established by the inventors. No further 
use-testing needs to be conducted to establish utility. Although further research might be 
conducted to further evaluate the protein, the current evidence as presented is sufficient to satisfy 
Section 101, since it shows the claimed gene/protein's usefulness as a transporter in the cell 
machinery. 

To further establish the claimed gene/protein as a member of the ABC transporter family, 
appellants provided to the Examiner a FAST A search of the protein of SEQ ID NO: 9 in the 
amendment submitted on July 9, 2004. In this search, the only matches which were found to 
have significant homology were ABC transporters. This homology clearly establishes the 
claimed protein as a member of this family. 

As further evidence to rebut the Examiner's assertions, appellants provided a reference 
{Arch Microbiol 180:88-100 (2003)) in response to the First Office Action which demonstrates 
the known usefulness of ABC transporters as L-amino acid transporters, involved in the uptake 
and excretion. Further references, EP 103 8970 and AU 199719218, show that production of an L- 
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amino acid can be effected by disrupting a gene which encodes an L-amino acid uptake protein, 
or that amplifying a gene involved in L-amino acid export can enhance the production of an L- 
amino acid. Therefore, further usefulness of the ABC transporter gene/protein is established. 

The Examiner has also asserted that appellants have failed to disclose ligands or 
compounds which can be transported, and therefore, the asserted utility for the ABC transporters 
are "essentially methods of treating unspecified, undisclosed diseases or conditions, which does 
not define a 'real world' context of use." See the First Office action of January 14, 2004, page 6. 
First, appellants have clearly stated that the asserted utility of the novel ABC transporter 
gene/protein is for transporting L-amino acids in/out of the cell. Second, the Examiner's 
statements demand the question: why must the asserted utility have a therapeutic use? 
Appellants do not assert that the claimed invention is useful for treatment of diseases or 
conditions. In fact, as anyone of ordinary skill in the art would know, L-amino acid production 
using bacteria is a large multi-billion dollar business in the United States and around the world. 
Bacterial breeding methods for increasing L-amino acid production are the research focus of 
many international corporations, including the assignee of the present application. Establishing 
new bacteria which can efficiently produce L-amino acids is also an area of intense research 
interest for many of these same companies. L-amino acids have many 'real world' applications, 
only a few of which are to treat 'diseases or conditions'. In fact, one of the most common uses 
for L-amino acid is for feed supplements for livestock. The Examiner cannot require proof of 
pharmaceutical utility, particular where none has been asserted. Again, the Examiner has failed 
to establish reasonable doubt of applicant's asserted utility, which has nothing to do with 
treatment of any disease or condition. 

On page 9 of the First Office Action of January 14, 2004, the Examiner again tries to 
require evidence of pharmaceutical usefulness in stating that "There is no evidence or record or 
any line of reasoning that would support a conclusion that the claimed protein/polynucleotide 
was, as of the filing date, useful for diagnosis, prevention and treatment of an [sic] disease, or for 
screening compounds." On page 1 1, the Examiner asserts "The assertion that the claimed 
invention has utility in drug screening, testing, drug development and disease diagnosis, do not 
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meet the standards for a specific substantial or well-established utility. . . .". There is no instance 
in the specification where appellants assert the claimed invention has utility in drug screening, 
testing, drug development, or disease diagnosis. Appellants cannot be required to provide 
evidence for a utility which has not been asserted or is counter to the utility that has been 
asserted. The gene/protein of the present invention is useful, in one instance, as a transporter for 
L-amino acids to the outside of the cell membrane. The Examiner has failed to establish 
reasonable doubt that the claimed gene/protein is not useful as asserted by appellants. The 
gene/protein is clearly a member of the ABC transporter family of proteins. This family of 
proteins is clearly involved in the uptake and secretion of L-amino acids in bacterial cells. 
Finally, it is clear that production of an L-amino acid can be enhanced by disrupting a gene 
involved in uptake of L-amino acids or amplification of a gene involved in secretion of an L- 
amino acid. These utilities are involved in L-amino acid production, not diagnosing, preventing, 
and/or treating a disease, as the Examiner is asserting. 

The Examiner asserts on page 1 1 of the First Office Action of January 14, 2004 that 
appellants have failed to show whether an increase in expression of the claimed gene/protein 
would be toxic. Toxicity testing is not required to show utility, particularly when the asserted 
utility is not pharmaceutical in nature. Such a requirement is entirely unfounded. 

The Examiner has further based the rejection on the assertion that the substance to be 
transported has not been identified, nor has the transporter been identified as an 'exporter' or 
'importer'. To the contrary, there are multiple instances whereby appellants assert in their 
specification that the transporter is effective for exporting of L-amino acids for use in bacterial 
fermentative production of said L-amino acids. See e.g., page 3, lines 3-7, page 7, lines 6-14, 
and table 1 on page 8. Appellants clearly state that the asserted utility of the novel ABC 
transporter gene/protein is for transporting L-amino acids in/out of the cell. 

The Examiner has repeatedly asserted that the facts presented in this application are 
directly analogous to that which was addressed in Brenner v. Manson. Appellants assert this is 
not the case at all. In fact, Brenner addressed the situation where the specification failed to 
disclose any utility for the compounds produced by the process, but merely relied on the fact 



that it was well-known in the art that steroids of a class that included the products were 
undergoing screening for possible tumor-inhibiting effects in mice, and that an adjacent homolog 
of the product at issue was known to be effective in this application. This is at least one step 
removed from the situation from the facts of the present invention. First, the present 
specification discloses and asserts a credible utility for the product of the present invention. No 
screening or further assessment is necessary. Furthermore, whereas in Brenner, the utility had to 
do with tumor inhibition in mice, the asserted utility of the present invention concerns bacterial 
cell transport. Such a utility involves simpler cells and simpler processes, which therefore, 
should require a lower standard of operability and lesser skill in the art. For these reasons, 
appellants assert that comparison of the facts of Brenner with the current specification is 
unfounded. 

For this reason, appellants assert that the Examiner has failed to establish reasonable 
doubt as to the operability or practical utility of the claimed invention, particularly since the 
Examiner does not appear to understand or comprehend the asserted utility. For these reasons, 
appellants respectfully request the rejection be withdrawn. 

C. The rejection of Claims 7, 75, and 16 under 35 U.S.C. $112, 1 st paragraph, 
enablement is in error 

Claims 7, 15, and 16 are rejected under 35 U.S.C. §1 12, 1 st paragraph for not being 
enabled by the specification. The Examiner alleges that a person of skill in the art would not 
know how to use the claimed invention based on appellant's specification. Again, the Examiner 
asserts that the person of skill in the art would not know how to use the invention since no 
specific function has been disclosed for the claimed polynucleotide. As stated above, the 
claimed gene/protein has been identified as a member of the ABC transporter family, members 
of which are useful as transporters of L-amino acids outside of the cell (see evidence and 
arguments presented above). This is a 'real world' utility since L-amino acid production is a 
multi-billion dollar business. 

The Examiner has argued the rejections under 35 U.S.C. §101 and §112, 1 st paragraph 
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together, and therefore appellants do not further address the rejection under 35 U.S. C. §1 12, 1 st 
paragraph, as the above arguments sufficiently address the 'how to use' requirement of the 
statute. 

For at least the foregoing reasons, appellants assert that the rejections should be 
withdrawn and the claims passed to issue. 

X. Conclusion 

For at least the foregoing reasons, Appellant respectfully submits that the subject matters 
of Claims 7 and 15-16, each taken as a whole, are patentable. Accordingly, Appellant 
respectfully submit that the rejections thereof are in error and requests reversal of the rejections 
of Claims 7, 15, and 16 under sections 101 and 112, 1 st paragraph. 

Respectfully submitted, 




Shelly Guest Cermak 
Registration No. 39,571 

U.S. P.T.O. Customer Number 38108 

Cermak & Kenealy, LLP 
515-B E. Braddock Road 
Alexandria, VA 22314 
703.778.6608 

Date: 
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APPENDIX: CLAIMS ON APPEAL 

7. An isolated DNA comprising the nucleotide sequence of nucleotide number 1 1 17 to 1725 
ofSEQ ID NO: 7. 

15. An isolated protein encoded by the DNA of claim 7. 

16. An isolated protein of claim 15, wherein said protein has the amino acid sequence of SEQ 
ID NO: 9. 
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EVIDENCE APPENDIX 
The following four references were submitted to the Examiner in response to the First 
Office Action, The Examiner considered these in the Final Rejection dated October 6, 2004: 

A) FASTA Search Results 

B) Zhang et al, Arch. Microbiol, 180:88-100 (2003) 

C) EP 1 038 970 A2 

D) AU 1997 19218 B2 



13 



FASTA Search Result ■ ■ "fct KdW 1 

Computed at Ge'nomeNet FASTA Server (Kyoto Center) on Wed Jun 2 20:04:54 JST 2004 

Database Name NR-AA 
>auery 

1MIEIN0LKK SFGVRIUQG LSHKFIPGTM TALTGASGSG KSTLLNCLGT 
L51DKPSSGQ ILVEDVDLLK LSTRKQRLYR KNTVGYLFQD YALIPDRTVK 
FNU01QLAV EKHKWPEIPQ VLHAVGLESF EEKPVFELSG GEQQRTALAR 
VLLKNP151R I ILAOEPTGA LDLTNSELVI EALRALADKG AtVWATHSP 
LFRESADTI2 01IKL 



WARNING: possibly wrong combination 
command: fast a 
query: (Not FASTA Format) 
database: nr-aa (Prot) 



command Query database 

fasta Prot Prot 

NucI NucI 

tfasta Prot NucI 



FASTA searches a protein or DNA sequence data bank 
version 3. 4t10 Dec 12,. 2001 
PJAase_cj_te: 

tfSL Pearson & D. J. Lipman PNAS (1988) 85:2444-2448 

/bio/tocal/WWW/pub/tmp/fasta. 68432364/f asta. tmp: 203 aa 
>auery 

vs /bio/db/blast/db/nr-aa library 
searching /bio/db/b las t/db/nr-aa library 1 

opt E0 
< 20 4820 0:== 

22 5 0:= one = represents 2646 library sequences 

24 25 1:* 

26 111 32:* 

28 804 349:* 

30 3193 2122:*= 

32 9990 8204: 



34 24842 22248:========*= 

36 48798 45692:=============*= 

38 76872 75511: 



=*= 

==========*: 



40 111112 105331: 
42 142638 128755: 

44 156662 142 028 :========================== -J 

46 158731 144659:========================== 

48 148286 138495 :=========================-==-==- 

50 126410 126377:================================ =* 

52 108134 11 1106: =====================*==* 

54 89128 94904:— ================= * 

56 72856 79274:================= * 

58 57683 65083:================ * 

60 45073 52721 := 



62 35897 42266:========= * 

64 28047 33614:========= * 

66 21218 26568:======== * 

68 16380 20898:====* 

70 12373 16377:==== * 

72 9488 12797:====* 



http://fasta.genomejp/sit-bin/nph-fasta 



2004/06/02 



74 


6958 


9977;===* 




76 


5713 


7766:==* 




78 


4244 


6036:=* 




80 


3204 


4687:=* 




82 


2443 


3585:=* 




84 








86 


1362 


?1Q7* 




88 


1129 


1700- ± 


i nset 




74? 


I j 1 0. * 




fim 


I U I 0, T 


;== * 


94 


474 


7A8-* 
I 00 . * 


:=-* 


96 


359 


guy. * 




98 


974 


479 ■* 


;=* 




9fiQ 


ODD . ♦ 


:=* 


102 


17^ 


404 . * 


: = * 


1 U*f 


199 


91 fl** 


:* 


106 






- + 
. + 


108 


109 


131:* 


:* 


110 


84 


101:* 


:* 


112 


59 


78:* 


:* 


114 


76 


61:* 


:* 
:* 


116 


64 


47:* 


118 


48 


36:* 


:* 


>1Z0 1 


1700 


28:*==== 


:*===== 



represents 234 library sequences 



500240239 residues in 1551842 sequences 
statistics extrapolated from 60000 to 1540015 seauences 
Expectations fit: rho(lnlx)) = 4. 691 9+/-0. 000193; mu= 11.2022+/- 0 011 
mean var=74 8953+/-16. 395, 0's: 157 Z-trim: 407 B-trim: 2437 in 2/63 
Lambda" 0. 1482 

Kolmogorov-Smirnov statistic: 0.0444 (N=29) at 50 

r Z. VMS? TJ^J^^T nuM ^ w,M '^ ■*•« "up 

Scan time: 267.910 

The best swresare: opt bit$ E ( 1551842) 

p 1 0 . ii I Clear Se Ject operation V! •! I Exec 



0PirLG95O79 [G95079] ABC transporter. ATP-binding ( 213) 524 120 3. 6e-26 

0pjliI5J4343R 0RF - Streptococcus pneumoniae>tr:Q9 ( 213) 521 120 5 6e-26 

®fi.i_r;.B97947 [B97947] hypothetical protein ABC-NBD ( 213) 520 120 6. 5e-26 

0prJ.:.28O53O3ELE ABC transporter - Clostridium perf ( 211) 519 119 7 5e-26 

E.t.r.:.Q892J8 [Q892J8] Transporter. >gp:AE01 5943.1 11 [ ( 212) 514 118 1 6e-25 

0p.ir:E95232 [E95232] ABC transporter. ATP-binding ( 213) 513 118 1 8e-25 

0P1G.G95228 [G95228] ABC transporter, ATP-binding ( 210) 492 114 4. 1e-24 

0p.rf:.27l35O.1.E ATP-binding protein - Lactococcus la ( 207) 490 113 5. 4 e -24 

0Plr:.A95Q13 [A9S013] hypothetical protein SP0111 [ ( 213) 487 113 a 6e-24 

®PiiiD97J84 [D97884] hypothetical protein ABC-NBD ( 213) 486 112 1e-23 

□ pr.f: 2724351 J.F ABC transporter - Streptomyces aver ( 248) 480 111 2. 7 e -23 
□p.ix:..B16626 ©866263 ABC transporter ATP-binding p ( 211) 474 110 5 9e-23 

□ p±rjD69433 [D69433] ABC transporter. ATP-binding ( 226) 466 108 2e-22 

□ sp:Y065JYCPJ [P75612] Hypothetical ABC transport ( 465) 466 108 3 3e-22 
O.t-HQ9L0J9. [Q9L0J9] Putative ABC-transporter ATP-b ( 246) 463 108 3. 3e-22 

□ plrj.B69377 B69377] ABC transporter. ATP-binding ( 228) 461 107 4. 3e-22 

□ prf:271.9186AYG ABC transporter - Sulfolobus tokod ( 232) 460 107 5e-22 

□ PXMM^.Effil«P0l8gene-Stiphylococcus-aureu ( 208) 459 107 5 4e-22 

□ tr:Q8P0U2 [Q8P0U2] Putative ABC transporter (ATP- ( 233) 459 107 5 8e-22 

□ pjx:A84088 [A84088] ABC transporter (ATP-binding ( 228) 458 106 6 7 e -22 

□ pi..r:B97087 [B97087] ABC-type transport system. AT ( 255) 457 106 8 3e-22 



□ tr:Q8RCC2 [Q8RCC2] ABC-type polar amino acid tran ( 240) 408 96 1. 1e-18 

□ P-UlAHllO? [AH1709] ABC transporter (ATP-binding (255) 408 96 1.2e~18 

□ pir:D97973 [D97973] hypothetical protein ABC-NBD ( 271) 408 96 1. 2e-18 

□ t.a.Q7.P537 [Q7P537] ABC transporter ATP-binding pr ( 220) 407 95 1. 2 e -18 

□ tr:Q?CM47 [Q9CM47J Hypothetical protein PM0996.>g ( 649) 412 97 1. 3e-18 

□ trj..Q88F88 [Q88F88I ABC export system permease/AT ( 654) 412 97 1.3e-18 

□ tr:Q8lK43 [Q81K43] ABC transporter. ATP-binding p ( 226) 407 96 1. 3e-18 

□ trnejrAA815564 [AAR35564] ABC transporter, ATP-bi ( 232) 407 96 1.3e-l8 

□ .trj.Q8.PYB3 [Q8PYB3] ABC transporter. ATP-binding p ( 293) 408 96 1. 3e-18 

□ sp.lBC.EA_BACSU [034697] Bacitracin export ATP-bind ( 253) 407 96 1.4e-18 
□piriAB1339 [AB1339] ABC transporter (ATP-binding ( 255) 407 96 1.4e-18 

□ prf:2805303ARP ABC transporter - Clostridium perf ( 255) 407 96 1. 4e-18 
Dtrj_Q92NU9 [Q92NU9] Probable transmembrane ATP-bin ( 647) 411 97 1. 5e-18 

□ pjj;..D69858 [D69858] ABC transporter (ATP-binding. ( 230) 406 95 1. 5e-18 

□ pir:G?6929 [G96929] ABC transporter ATP-binding o ( 238) 406 95 1. 5e-18 

□ tllQ8IQ83 [Q8TQ83] Lipoprotein releasing system, ( 227) 405 95 1. 7e-18 
□fiir:D69627 [D69627] cell-division ATP-binding pro ( 228) 405 95 1. 7e-18 

□ plQB.86714 P386714] hypothetical protein yhcA [im ( 664) 410 97 1. 7e-18 
□iwewjAAR347l7 KAR34717] ABC transporter, ATP-bi ( 234) 405 95 1.7e-18 
□&flL282430lB bacitracin resistance-related protei ( 250) 405 95 1. 8e-18 
□.trnew:.AAT04916 EAATQ4916] ABC transporter, ATP-bi ( 255) 405 95 1 9e-18 

□ tr:Q8G5SJ. [Q8G5S1] Possible ATP binding protein o ( 263) 405 95 1.9 e -18 

□ p±rjI36431 [T36431] probable ABC-type transport s ( 264) 405 95 1. 9e-18 

□ tjaewiCAE5ML5 [CAE5041 5] Putative ABC transport ( 249) 404 95 2. 1e-18 
□.tmQ8DU02 IQ8DUD2] Putative ABC transporter, ATP- ( 250) 404 95 2. 1e-18 

□ tr_LQ8PFI5 W8PFI5] ABC transporter ATP-binding or ( 229) 403 95 2. 3e-18 

□ sp.:L0LDJC0L6 [Q8FIM7] Lipoprotein releasing syst ( 233) 403 95 2.3e-18 

□ sp.:L0LDJHI.FL [Q83RS0] Lipoprotein releasing syst ( 233) 403 95 2. 3e-18 

□ trnew.:.CAF30J 9J. [CAF30191] ABC transporter :ATPase ( 241) 403 95^4e-18 

□ p.).rjA837.44 [A83744J ABC transporter (ATP-binding ( 260) 403 95 2. 5e-18 
□pxUM14Q.0RM ABC transporter - Mycoplasma penetr ( 328) 404 95 Z 6e-18 
□Plrjl.97146 [B97146] ABC-type transport system. AT ( 224) 402 94 I 6e-18 

□ triQ88404 [Q884D4] Macrolide ABC efflux protein. > ( 656) 407 96 ^ 7e-18 

□ tr:Q8R8L8 [Q8R8L8] Predicted ATPase involved in c ( 228) 402 94 2. 7e-18 
□pjlti?824433GH ABC transporter - Oceanobaci I lus ih ( 228) 402 94 2. 7e-18 
>>p;r.:G.95.P79 [G95079] ABC transporter, ATP-binding prote (213 aa) 

^"iL? ' nit1: 284 r25 t: 5? 4 Z_score: 6135 bits: 120 -5 E0: 3.6e-26 

Sm.th-tfaterman score: 524; 41.905% identity (44. 000% ungapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 fin 

query Ml El NDLKKS FGVR I LWOGLSHKFLPGTUTALTGASGSGKSTLLN CLGTLOKPSSGQ I LV IKK-^^ty ■ 

P i r : G9 M I ELKN I SKKFGSRQLFSDMNLHFEGGKI YAL I GTSGCGKTTLLNM I GRLEPYDKGQ 1 1 Y 
10 20 30 40 50 60 

70 80 90 100 im 
qu e ry EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKYPE I PQ 

P i r : G9 DGTSLKD I— KPSVFFr'oyLgyLFQDFGL I ESQTVKENLNLGLVGKKLKEKEK I SLMKQ 
70 80 90 100 110 

120 130 UO 150 160 170 



query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

p i r : G9 ALNRVNLSYLDLKQPI FELSGGEAQRVALAKI | LKDPPL i LADEPTASLDPKNSEELLS I 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATVWATHSPLFRESADT 1 1 KL 

pir:G9 LESLKNPNRT I 1 1 ATHNPL I WEQVDQV i RVTDLSHR 
180 190 200 210 

>>P/±:2504343R ORF. - Streptococcus pneumoniae>tr:Q9ZHB1 (213 aa) 

initn: 434 initl: 284 opt: 521 Z-score: 610. 0 bits: 119. 9 E 0 : 5. 6e~26 
Smith-Waterman score: 521; 41. 905X identity (44. 000X ungapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query MI E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ1LV 

or f : 25 MIELKN I SKKFGSR QLFSDTNLHFEGGK I YAL I GTSGCGFTTLLNHI GRLEPYDKGQi I Y ^ 
10 20 30 40 50 60 

70 80 90 100 110 
qu e ry ED VDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPE I PQ 

prf :25 DGTSLKDI — KSS VFFRDyLgYLFQDFGL i ESQT VKENLNLGLVGKKLKEKEK I 
70 80 90 1 00 110 

120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

prf : 25 ALNRVNLSYLDLKQP I FELSGGEAQRVALAkVi LKDPPL i LADEPTASLDPKNSEELLS I 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATVWATHSPLFRESADT 1 1 KL 

prf :25 LESLKNPNRT I 1 \ ATHNPL I WEQVDQV I RVTDLSHR 
180 190 200 210 

»Pi.GB97947 [B97947] hypothetical protein ABC-NBD [impo (213 aa) ^c/V^'V' 
Initn: 434 initl: 284 opt: 520 Z-score: 608.9 bits: 1116 EO: 6.5e-26 
Smtth-Waterman score: 520; 41.905% identity (44. 000* ungapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query Ml El NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I L V 

Pi r :B9 Ml ELKNI SKKFGSRQLFSDTNLHFEGGK'l YAL I GTSGCGKTTLLNMI GRLEPYDKGQi I Y 
10 20 30 40 50 60 

70 80 90 100 110 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPEI PQ 

P i r : B9 DGTSLKD I — KPSVFFRD YLG Y LFQDFGL I ESQTVKENLN LGLVGKKLKEKEK I SLMKQ 
70 80 90 100 110 

, 120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPRI I LADEPTGALDLTNSELV I EA 

P I r : B9 ALNRVNLSYLDLKQPI FELSGGEAQRVALAKI I L KDPPL i L ADEPTAS LDPKN SEELLS I 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATVWATHSPLFRESADT 1 1 KL 

P i r : B9 LESLKNPNRT I 'l I ATHNPL I WEQVDQV i RVTDLSHR 



180 190 200 210 

»prf .-28053.03ELE ABC transporter - Clostridium perfringe (211 aa) 

initn: 539 initl: 289 opt: 519 Z-score: 607.7 bits: 119.4 EO: 7. 5e-26 
Smith-Waterman score: 519; 40. 191% identity (41. 379* ungapped) in 209 aa overlap (1-203:3-211) 

10 20 30 40 50 

query Ml EINDLKKSFGVR I LWQGLSHKFLPG7MTALTGASGSGKSTLLNCLGTLDKPSSGQ I 

prf :28 MNIIE isNLNKKYFDKVI FKDFSLSI KKGEU I Al SGRSGCGKSTLLNMl GLI EKFDSGE I 
10 20 30 40 50 60 

60 70 80 90 100 110 
auery LVEDVDLLKLSTRKQRLYRKNTVGYLFQDYAl I PDRTVKFN LQL AVE KHKWPE I 

prf :28 1 1 bGVKNI K I NskLANKFLREKI SYLFQNFALVDEETVEENLRLA I KHT I KNTKK I EEE i 
70 80 90 100 110 120 

120 130 140 150 160 170 

query PQVLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I E 

prf :28 I RCLKFVGLEGCQKNY I YELSGGEQQRVA I ARLMLKPSEi i LADEPTGSLDEENRD 1 1 is 
130 140 150 160 170 180 

180 190 200 
query ALRALADKGATVWATHSPLFRESADTI IKL 

prf:28 LLKELNESGKT 1 1 1 VTHDN YVAKQADR i I FL 
190 200 210 

>>.t.r.LQ892J8 [Q892J8] Transporter. >gp:AE015943_1 11 [AE015 (212 aa) . 

initn: 282 initl: 28?"o?fT5l4-'Z-score: 601.9 bits: lia 4 E 0 : 1. 
Smith-Waterman score: 514; 43. 077J6 identity (44.444* ungapped) in 195 aa overlap (1-189:3-197) 

10 20 30 40 50 

aue ry MIEI NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I 

tr:Q89 MS I VKMEN I TKKFGDK i I LNNFSLD I QDGELLAVTGASGSGKST I Lli 1 1 GLLEGFDSGKL -r ^ / 
10 20 30 40 50 60 \<^)d\Z \ 

60 70 80 90 100 110 

que ry LVEDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLA — VEKHKWPE — I 

t r : Q89 I LDGDEN I Kl NSSKSNKI LREK I GYLFONFALVDEET WYNLHLALKYvXKNKKEKDEL I 
70 80 90 100 110 120 

120 130 140 150 160 170 
query PQVLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV IE 

tr:Q89 KMVLKQMNLEGYEKRKI FELSGGEQQRVS I ARLLLKPSKI i LADEPT GSLDAKNRDLVLY 
130 140 150 160 170 180 

180 190 200 
query ALRALADKGATVWATHSPLFRESADTI IKL 

t r : Q89 YLNKLNKEGKTVI VVT HDMEVAKKCHRT I SLN 
190 ZOO 210 

>>p.i.r_:E9.5.232 [E95232J ABC transporter, ATP-binding prote (213 aa) A^ C ~Kw\V*XW 

initn: 445 initl: 266 opt: 513 Z-score: 600.8 bits: 118.1 E0 • 1 8e-25 
Smith-Waterman score: 513; 42.857X identity (45. 000* ungapped) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

query MIEI NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 



Pi r:E9 MIDI QGLEKKFNDRA I FSGLNLKLEKGKVYAL I GKSGSGKTTLLN I LGKLEK I DGGRVLY 
10 20 30 40 50 60 

70 80 90 100 110 120 

que ry EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE I PQVLHAVG 

P i r :E9 QGKDLKT I PTRE — YFRDQMGYLFQNFGLLENQs'l KENLDLGFVGQK I SKVERLERQVG 
70 80 90 100 110 

130 U0 150 160 170 

query -LESFE EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTHSELV I EA 

p i r :E9 ALEKVNLGYLDLEQKi YTLSGGEAQRVALAKT I LKNPPL i LADEPTAALDPENSEEVMBL 
120 130 140 150 160 170 

180 190 200 
que ry LRALADKGATVWATHSPLFRESADT 1 1 KL 



pir:E9 LVDLKDENRI 1 1 IATHNPLVWNKAOEI IDMRKLAHV 
180 190 200 210 

»pj.r_:G95228 [G95228] ABC transporter, ATP-binding prote (210 aa) 
initn: 500 initl: 270 opt: 492 Z-score: 576.6 bits: 113.6 EO: 4. 1e-24 
Smith-Waterman score: 492; 40.952% identity (43. 21 6% ungapped) in 210 aa overlap (1-203:1-206) 

10 20 30 40 50 60 

que ry Ml El NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 

pir:G9 Ml ELKQVSIGFGERELFSNLSMTFEAGKVYAL I GSSGSGICTTLMNMI GKLE-PYDGT i FY 
10 20 30 40 50 



70 80 90 100 110 .Xo< 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE I P Q "^n-^ 0 Y * 

Pir:G9 RGKDL — ANYKSSDFF^ELGYLFQ^ 

60 70 80 90 . 100 110 

120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPRI I LADEPTGALDLTNSELV I EA 

p i r :G9 ALEQVGLVYLDLDKRI FELSGGESQRWLAkVl LKNPPF IL^pWlOMTSQUMEl 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATVWATHSPLFRESADT 1 1 KL 

p i r : G9 LLSLRDDNRLI 1 1 ATHNPAI WEMADEVFTMDHLK 
180 190 200 210 

>>Pjll2713501E ATP-binding protein - Lactococcus lactis (207 aa) 

initn: 422 initl: 236 opt: 490 Z-score: 574.3 bits: 113.2 EQ: 5. 4e-24 
Smith-Waterman score: 490; 41. 905X identity (44. 000$ ungaDDed) in 210 aa overlap (1-203:1-207) 

10 20 30 40 50 60 

que ry M I E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV 

prf:27 M i ELKN I EKSYDNHN I LI^FNYQFKDNKSYALVGKSGSGCTTLLM II GRLELPDKGD i LI /V b C 

10 20 30 40 50 60 " ^' 

70 80 90 100 110 -r 

query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPE I -PQ -\ \ V\ $ J 0 V y 

orf:27 DD-DNLK— T I PERRYFKDYLGYLFQMYGL i ONES I KDNLKLAF I GKKLKNQDQE i I MSK 
70 80 90 100 110 



120 130 140 150 160 170 

query VLHAVGLESFE-EKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALDLTNSELV I EA 

prf :27 ALSKVGLENYN I DRKI FSLSGGEAQRVA I AKLI I KSPP i i LADEPT GSLDRETGKEVMD I 
120 130 140 150 160 170 

180 190 200 
query LRALADKGATVVVATHSPLFRESADT 1 1 KL 



prf :27 LLSLVKENTTVI IATHDSHVYNRVDSI INL 
180 190 200 

»P_ir„:A9501J [A95013] hypothetical protein SP0111 [impor (Z13 aa) 

initn: 263 initl: 263 opt: 487 Z-score: 570.7 bits: 112.6 EO: 8. 6e-24 
Smith-Waterman score: 487; 40. 1918 identity (41. 379% ungapped) in 209 aa overlap (1-203:1-209) 

10 20 30 40 50 60 

query Ml El NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQI LV 

pi r :A9 M! ELKNITKTI GGKVI LDNLSLR I DQGDLVA I VGKSGSGKSTLLNLLGL I DGDYSGRYEI 

10 20 30 40 50 60 ^ 

70 80 90 100 110 * 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE 1 PQ 

pi r:A9 FGQTNLAVNSAKSQTI I REHI SYLFQNFAL i DDETVEYwii*LALKWKLPKKDKLKKVEk 
70 80 90 100 110 120 

120 130 140 150 160 170 

query VLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPRI I LADEPTGALDLTNSELV I EAL 

P i r : A9 I LERVaSATLHQRVSELSGG EQQR I AVARAI LKPSQL i LADEPTGSLDPEMRDLVLkFL 
130 140 150 160 170 180 

180 190 200 
query RALADKGATWVATHSPLFRESADT I IKL 

P i r : A9 LEMNREGKT V 1 1 VTH0A WAQQCHR I ! ELGEGK 
190 200 210 

>>p1llD97_884 0)97884] hypothetical protein ABC-NBD [imoo {213 aa) 

initn: 263 initl: 263 opt: 486 Z-score: 569.6 bits: 112.4 E0: 1e-23 
Smith-Waterman score: 486; 39. 713% identity (40.8875! ungapped) in 209 aa overlap (1-203:1-209) 

10 20 30 40 50 60 

query Ml El NDLKKSFGVR I LTOLSHKFLPGTMTALTGASGSGKSTL1NCLGTLDKPSSGQ I LV 



Pi r:D9 M I ELKN I TKT I GGKVI LDNLSLR I DQGDLVA I VGKSGSGKSTLLNLLGL I DGDYSGRYEI +-Jf\^ 
10 20 30 40 50 60 V V - 

70 80 90 100 110 \bC.'V** S \ 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWPE — I PQ n° 

Pi r :D9 FGQTNLAVNSAKSQTI I REHI SYLFQNFAL i DDETVEYNUiLALKYVKLPKKDKLKKVEE 
70 80 90 100 110 120 

120 130 140 150 160 170 
query VLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR I I LADEPTGALDLTNSELV I EAL 

P i r : D9 I LERVGLSATLHQRVSELSGGEQQR I AVARA I LKPSQL i LADEPTg'sLDPENR'dLVLKFL 
130 140 150 160 170 180 

180 190 200 
query RALADKGATWVATHSPLFRESADT I IKL 



pi r :D9 LEMNREGKTVI I VTHDAYVAQQCHRV F ELGEGK 
190 200 210 

»prf_:27.24351.JF ABC transporter - Streptomyces avermi ti I (248 aaj 

initn: 308 inltl: 255 opt: 480 Z-score: 561.8 bits: 111.2 E0: 2.7er23 
Smith-Waterman score: 480; 40.845% identity (43.500* ungapped) in 213 aa overlap (2-203:9-219) 

10 20 30 40 

auery M I El NDLKKSFG VII I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLG 



prf :27 MGQMSNDA I QLRSVSRRYGAGGGAVTALDQ-VSLAFPRGTFTAVM6PSGSGKSTLLQCAA 
10 20 30 40 50 

50 60 70 80 90 100 
que ry TLDKPSSGQ I LVEDVDLLKLSTRKQRLYfcKNTVGYLFQDYAL I P DRTVKFNLQLAV 

orf :27 GURPTSGSWVGDTELTKLSETKLTLLRRDRIG^^ NCir \\. 

60 70 80 90 100 110 \' 

110 120 130 140 150 160 

query EKHKWPE I PQVLHAVGL-ESFEEKPVFELSGGEQQRTALARVLLKNPR 1 1 LADEPTGALD 



pr f : 27 RRPRKTEVREVLAQVGLGDRAGHRPT-EMSGGQQQRVALARAL I TRPDVLFGDEPTGALD 
120 130 140 150 160 170 

170 180 190 200 

query LTNSELV I EALRALAD-KGA7VWATHSPLFRESADT 1 1 KL 



prf :27 SQTSREVLTLLRGMVDSEGQTV I MVTHDPVAASYADRVVFLVDGRVNGEL I GASAED I AA 
180 190 200 210 220 230 

prf: 27 RMTKLEAAPC 
240 

»P.lrj.B8662i [B86626] ABC transporter ATP-binding protei (211 aa) 

inltn: 283 inltl: 283 opt: 474 Z-score: 555.8 bits: 109.8 EQ: 5. 9e-23 
Smith-Waterman score: 474; 39. 234* identity (40. 394X ungapped) in 209 aa overlap (1-203:1-209) 

10 20 30 40 50 60 

query U I E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSGQ I LV ^ , 

::::•■:::. :. .. ::::. :.::.:::::::.:.. rt ,h ( <\W 

pir:B8 Ml E I EELTKSYKGH 1 1 FDKLNLR I PEGKMTA J YGTSGAGKSTLLN 1 1 GL I EDYDDGKYYF n v, < "\V**M 

10 20 30 40 50 60 

70 80 90 100 110 
query EDVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKHKWPE I PQ 



Pi r: B8 NGQFAPPFNSSLALKMRRNK I SYLFQNFALLEDET I EKNLE I AL I YSR I SKKEKRKKMKK 
70 80 90 100 110 120 

120 130 140 150 160 170 
query VLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPRI I LADEPTGALDLTNSELV I EAL 

p i r : B8 LLLQVGI MHRLMTKVYSLSGGEkQRVA I ARALLKESQL I LADEPTGSLDTENRNEV j ALL 
130 140' 150 160 170 180 

180 190 200 
query RALADKGATVWATHSPLFRESAOTI IKL 



p i r : B8 RQEVDKGKAVV I VTHDS YLKEVSDLV IEIGE 
190 200 210 

»pi.r:D6943.3 [D69433] ABC transporter, ATP-binding prote (226 aa) 

initn: 436 initl: 242 opt: 466 Z-score: 546.1 bits: 108.1 E(): 2e~22 
Smith-Waterman score: 466; 39. 583% identity (41. 081 X ungapped) in 192 aa overlap (19-203:25-216) 



10 20 30 40 50 

query Ml E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPS 



Pi r:D6 MKV I ELVDVYK I YRTAYYEVHALDGVSMEVEAGEFVA I MGPSGSGKSTLLNM I GCLDKPT 
10 20 30 40 50 60 

60 70 80 90 100 
query SGQI LVEDVDLLKLSTRKQRLYRKNTVGYLFQDYALI PDRTVKFNLQL AVEKHK 



pi r:D6 KGEV 1 1 NGVKTSGLSDRELTKLRRDS I GF I FQQYN L I PTLTALENVELPM I FRGVARAER 
70 80 90 100 110 120 

110 120 130 140 150 160 

query WPE I PQVLHAVGLESFEEKPVFELSGGEQQRTALARVLLKNPR I ILADEPTGALDLTNSE 



Pi r:D6 ERRAKELLKVVGI EELADRRPREUSGGQQQRVAI ARALANNPKI LLCDEPTGNLDTKSGR 
130 140 150 160 170 180 

170 180 190 200 

query LV I EALRALADK-GATVVVATHSPLFRESADT 1 1 KL 



pi r:D6 QVMG I LKNLNEENGVTVVLVTHDPSLSEYADRV I R I RDGKVVEDVY 
190 200 210 220 

>>sPiY065JJYCP{l [P75612] Hypothetical ABC transporter AT (465 aa) 

initn: 286 initl: 243 opt: 466 Z-score: 542. 2 bits: 108.4 E0: 3. 3e-22 
Smith-Waterman score: 466; 36. 667% identity (38.308% ungapped) in 210 aa overlap (1-201:231-440) 

10 20 

auery M I E I NDLKKSF— GVR I — LWQGLSHKFLP 

sp : Y06 HLFLKNEVKKVTWLNEPRAKKESVTPDEEH 1 1 ELKNVYKYI TNGVTTNAVLKGI DLKLKA N fc, O 

210 220 230 240 250 260 p* ■ 

30 40 50 60 70 80 y w^Y 

query GTMTALTGASGSGKSTLLNCLGTLDKPSSGQI LVEDVDLLKLSTRKQRLYRKNTVGYLFQ X 

sp:Y06 HDF I VI LGPSGSGKTTLLli 1 1 SGMDRPSSGSVWNGQEM I CMNDRQ^ FQ 
270 280 290 300 310 320 

90 100 110 120 130 140 

query DYAL 1 PDRTVKFNLQLAVEKHKWPE 1 PQVLHAVGLESFEEKPVFELSGGEQQRTAL 

sd:Y06 'QYGLLPNLTVRENVEVGANLQRNPbKRINiD^ 

330 340 350 360 370 380 

150 160 170 180 190 200 

que ry ARVLLKNPR 1 1 LADEPTGALDLTNSELV I EALRALADK-GATVWATHSPLFRESAOT 1 1 

sp : Y06 ARAFAKNPli i FGDEPTGALDLEMTQ I VLKQFLA I KQRYKTTMVI VTHNNL I AQLADL V i 
390 400 410 420 430 440 

query KL 



SP:Y06 YVADGK I QALQANPNPKQVED I NW I 
450 460 

>>tG.Q9L0J.9 [Q9L0J9] Putative ABC-transporter ATP-bindin (246 aa) 

initn: 311 initl: 233 opt: 463 Z-score: 542.2 bits: 107.5 EO: 3. 3e-22 
Smith-Waterman score: 463: 44 2628! identity (46.0233! ungapped) in 183 aa overlap (27-203 36-21 7) 



10 20 30 40 50 

'query M I E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKPSSG 



tr:Q9L A I RLSSVSRRYGAGEGTVTALDDVSLALRRGSFTAVMGPSGSGKSTLLQCAAGLDRPTSG 
10 20 30 40 50 60 

60 70 80 90 100 110 

query Ql LVEDVBLLKLSTRKftRLYRKMTVGYLFQDYAL I PORT VKFNLQLAVEKHKWPE I 

tr : Q9L siWGCTELTGL^ 

70 80 90 100 110 120 

120 130 140 150 160 170 

query PQVLHAVGL-ESFEEKPVFELSGGEQQRTALARVUKNPR 1 1 L ADEPTGALDLTNSELV I 

tr : Q9L REALRQVGLAbRARHRP^^Sfi^MRVA^R^LI TRPQVLFADEPTGALDSRTGREVL 
130 140 150 160 170 180 

180 190 200 
query EALRALAD-KGATVVVATHSPLFRESADT I IKL 

tr:Q9L TLLRA^DGEGRT^VTmPVAASYADRVLFLVDGRVHDELTGSGPDG I ATRMTRLEAA 
190 200 210 220 230 240 

tr:Q9L PC 



»fiiXlB6932Z [B69377] ABC transporter. ATP-binding prote (228 aa) 

initn: 483 initl: 234 opt: 461 Z-score: 540. 3 bits: 107.1 E0: 4. 3e-22 
Smith-Waterman score: 461; 39. 000X identity (40.625% ungapped) in 200 aa overlap (11-203:18-216) 

10 20 30 40 50 

que ry Ml E I NDLKKSFGVR I LWQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLDKP 

p i r :B6 MKVVELRNVYK I YRTEYYEVRAL-DG VSMDVEEGEFVV "l MGPSGSGKS TLLlilLI GCLDKP 
10 20 30 40 50 

60 70 80 90 100 
query SSGQ I LVEOVDLLKLSTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAV EKH 

Pi r:B6 TEGEVL I NGVETSSLNDNRLTELRRDTI GF I FQTYNL I PTLTALENVELPM I FKGVGRRE 
60 70 80 90 100 110 

110 120 130 140 150 160 

query KWPE I PQVLHAVGLESFEEKPVFELSGGEQflRTALARVLLKNPR 1 1 LADEPTGALDLTNS 

Pi f :B6 REERAKELLKNVGLEKEIi^RKPNEMSGGQQQRVAl ARALANNPK i LLCDEPTGNLDTKSG 
120 130 140 150 160 170 

170 180 190 200 

query ELV I EALRALA DK-GATVVVATHSPL FRESADT 1 1 KL 

Pi r : B6 EQVME 1 1 RHQNEVLG VTV I LVTHDPSLAKYGDRV i RLRDGK I ESVENVS 
180 190 200 210 220 

>>pr.f:2719186AYG ABC transporter - Sulfolobus tokodai i>t (232 aa) 

initn: 415 initl: 240 opt: 460 Z-score: 539.1 bits: 106.8 EQ: 5e-22 
Smi th-Waterman score: 460; 35.68U identity (37. 811 % ungapped) in 213 aa overlap (1-201:6-218) 

10 20 30 40 50 

query Ml El NDLKKSFGVR I L WQGLSHKFLPGTMTALTGASGSGKSTLLNCLGTLO 

prf:27 MSEDEU I i ENLKK I YK I KNVEFPALRG I NLK I YKGEFLGI AGPSGSGKTTLLDMI GLLD 
10 20 30 40 50 60 

60 70 80 90 100 110 

que ry KPSSGQ I LVEDVDIIKISTRKQRLYRKNTVGYLFQDYAL I PDRTVKFNLQLAVEKHKWP- 
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Abstract An ABC-type transporter in Escherichia coli that 
transports both L- and D-methionine, but not other natural 
amino acids, was identified This system is the first func- 
tionally characterized member of a novel family of bacte- 
rial permeases within the ABC superfamily. This family 
was designated the methionine uptake transporter (MUT) 
family (TC #3.A.1.23). The proteins that comprise the 
transporters of this family were analyzed phylogenetically, 
revealing the probable existence of several sequence-di- 
vergent primordial paralogies, no more than two of which 
have been transmitted to any currently sequenced organ- 
ism. In addition, MetJ, the plciotropic methionine repres- 
sor protein, was shown to negatively control expression of 
the operon encoding the ABC-type methionine uptake 
system. The identification of McJ binding sites (in gram- 
negative bacteria) or S-boxes (in gram-positive bacteria) 
in the promoter regions of several MUT transporter-en- 
coding operons suggests that many MUT family members 
transport organic sulfur compounds. 
Electronic Supplementary Material Supplementary ma- 
terial is available for this article if you access the article at 
hllp://dx.doi 1 org/10.l007/s00203-003-056l -4. A link in the 
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Introduction 

Methionine transport and its regulation have been exten- 
sively studied in both Escherichia coli and the phyloge- 
netically related bacterium Salmonella typhimurium. E. coli 
has been shown to have two transport systems for L-mc- 
thionine (Kadner 1974) but only one system for D-me- 
thionine (Kadner 1977). Spontaneous mutants selected for 
their capacity to grow on toxic methionine analogues were 
generated. A metD mutant lacks both high-affinity uptake 
activity for L-methionine (Kadner 1974) and lower affin- 
ity uptake activity for D-methionine (Kadner 1977; Kad- 
ner and Watson 1974). Specificity of the transport system 
for L- and D-methionine and related compounds has been 
examined (Kadner J 974, 1977), but inhibitory studies with 
other amino acids have not been reported. A metD mutant 
has also been isolated in 5. typhimurium and exhibits 
characteristics similar to those of the corresponding mu- 
tant in £. coli (Ayling and Bridgeland 1972; Ayling et al. 
1979; Betteridge and Ayling 1975; Poland and Ayling 1984), 
Studies of energy coupling for methionine uptake in 
E. coli have suggested that transport is driven by phos- 
phate bond energy, presumably ATP (Kadner and Winkler 
1975). Moreover, the MetD transport system has been 
shown to be sensitive to osmotic shock and to inhibition 
by arsenate in both E. coli and S. typhimurium (Cottam 
and Ayling 1989; Kadner and Winkler 1975). It was there- 
fore suggested that the major uptake system is an ATP- 
binding cassette (ABC) transporter. ABC transporters usu- 
ally consist of a transmembrane protein, a cytoplasmic 
ATP-hydrolyzing (ABQ protein, and at least one sub- 
strate-binding receptor. 

The metD mutation was mapped to 4.8 minutes on the 
E, coli chromosome (Berlyn 1998). Mapping of the metD 
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locus in S. typhimurium has revealed that several genes, 
when mutated, give rise to the metD phenotype (Grundy 
and Ayling 1992). In the work reported here, we identify 
an ABC transporter mapping very near 4.8 minutes, which 
proves to be the MetD transporter. 

Methionine biosynthetic genes in £. coii are regulated 
by the McJ repressor (Greene 1996; Sekowsha et al. 
2000; Weissbach and Brot 1991), and a Me J DNA bind- 
ing site consensus sequence has been derived (Saint- 
Girons et al. 1984), Evidence is available suggesting that 
methionine transport is also regulated by Met J since cells 
grown in medium containing methionine have lower lev- 
els of methionine transport (Kadncr 1975), and methion- 
ine auxotrophs with a met! mutation have higher transport 
activity (Kadncr 1975, 1977). The recent identification of 
a MetJ binding site in the promoter region of the ABC 
transporter mentioned above (Liu et al. 2001) corrobo- 
rated this hypothesis. 

Recently, Gal et al. (2002) and Merlin et al, (2002) re- 
ported growth studies that led to the tentative molecular 
identification of this transporter (abc-yaeE-yae-C) which 
they renamed meiNIQ. The MctJ protein, in the presence 
of methionine, but not in its absence, was also shown to 
repress expression of the operon. Although no transport 
studies have been reported, it has been suggested that the 
three-gene cluster encodes the methionine transporter 
characterized physiologically by Kadncr and his collabo- 
rators. 

In this study, we confirm and substantially extend the 
previously reported work. We (1) report the first transport 
studies with this system, revealing that MetD transports 
both L- and r>methionine and probably formyl methion- 
ine; (2) resolve the question as to whether both l- and 
D-mcthionine are recognized by the same receptor; (3) pro- 
vide evidence thai NlpA (Yarnaguchi and lnouye 1988; 
Yu ct al. 1986) may, under certain conditions, serve as a 
poor L- and D-mcthionine receptor, feeding inefficiently 
into MetD; (4) show that Met! represses expression of the 



metD operon; and (5) provide detailed phylogenctic data 
that define a novel family within the ABC superfamily, 
which we have called the methionine uptake transporter 
(MUT) family (TC #3j<U.23). 



Wiaterials and methods 

Bacterial strains and media 

£. coli strains and plasmids used in this study are listed in Table 1. 
All studies were conducted in the genetic background of strain 
BW25113. Bacteria were cultured in Luria-Beruim (LB) broth or 
M9 minimal medium at 37 °C (Sambrook et al. 1989). When ap- 
propriate, ampicillin (Ap) and/or kanamycin (Km) was/wcrc added 
to the medium at 100 and/or 25 u.g/ml, respectively. Unless other- 
wise stated, chemicals were purchased from Sigma-Aldrich. 



Generation of deletion mutants 

Deletion mutants were generated using the methods described by 
Datsenko and Wanner (2000). To prepare competent cells for trans- 
formation, BW25113 containing pKD46 was Cultured at 30 °C in 
SOB broth (Sambrook et al. 1989) containing ampicillin and 2 mM 
L-arabinosc. When the OD^ reached 0.5, the culture was cenirifugcd 
at ZOOtejf for 5min, and the cells were washed three times with 
cold 10% glycerol before being fesuflpended in a minimal volume 
of 10% glycerol {\% of the original culture). The competent cells 
were stored at -80 *C prior to use. PCR methods were used to 
clone the kanamycin gene from pKD4 using the primers described 
in Table 2, The PCR products were purified using a Qiagcn kit. 
treated with Opnh and repurified by electrophoresis. BW25113 
competent cells were transformed with die kanamycin gene by 
electroporahon (Gene Pulser, pulse controller at 20012, capaci- 
tance at 250 uTO, and voltage at 2.5 kV). After clcctroporaiion, the 
cells were grown with shaking in 1 ml of SOC (Sambrook et al. 
1989) at 37 °C for I K and the cultures were plated onto LB agar 
medium containing kanamycin. The kanamycin-rcsistant transfor- 
xnants were purified on new kunamycin-LB plates. The mutants in 
which the target genes were replaced by the kanamycin gene were 
verified by three PCRs using bacieriul DNA as the template. The 
first PCR used forward prime/ k 2 (5'-C GGTGCCCTOAAT 
G A A C T G C-3') and reverse primer k, (5'-C G G C C A C A G 
TCGATGAATC C-3') (Datsenko and Wanner 2000), both of 



Tabic 1 Strains and plasm ids used in this study 



Strain/plasmid 



Genotype 



Reference 



Strain 
U3001 (BW25113) 
U3015 
LJ3016 
U3017 
JLJ3018 
LJ3019 
U3020 
U 3021 

Plasm id 
pKD46 
pKD4 
P CP20 
pBAD24 
pBAD24-mctD 
pBAD24-mctJ 



tacrimtB TU AlacZ WJi 4hsdR5I4 AaraBAD^y^haBADu^ 

BW25 1 1 3 babe-yaeE (AmetNT) 

BW251 1 3 AyaeC (AmttQ) 

BW251 13 AnlpA 

BW25113 AyacC&nlpA 

BW25 1 13 AyaeG-abc bykJD (AnzetNl AmmuF) 

BW251l3Ay*/D 

BW25H3 AmeiJ 

oriRJO] repAlOJUs) araBp-xam-bet-exo Ap 1 
OTi/Jy Ap r Km T 
te/857(xs) ts-rep 
Expression vector. Ap* 
pBAD24 carrying metD operon 
pBAD24 carrying met/ 



Datsenko and Wanner 2000 

This study 

This study 

This study 

This study 

This study 

This study 

This study 

Datsenko and Wanner 2000 
Datsenko and Wanner 2000 
Datsenko and Wanner 2000 
Guzman ctal. 1995 
This study 
This sLudy 
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Tublc2 Primers used for generation and verification of BW251 13 mutants. For all gene mutations, pKD4 was used as the template for 
cloning the kanamycin gene 

Gene- Primers (5'-^30 



abc-yaeE (metNl) Generation 



ucncrauon 

GATGCCKtTCGCCTGCGAACTGAATTAAATAAACCAGAATGACCAGGTGTAGGCTGGAGCTG (forward) 
CnTAATGACGATATAAATAATCAATGATAAAACTTTCGAATATCCATATGAATATCCTC (reverse) 
Verification 

ubc-yaeE 3: CGTTACTTGCGAGTGACAGC 
abc-yaeE 4; GCATGTGACGCTAGTATCGC . 

yaeC (metQ) Generation 

TTACAAATTGTGGAAACAGCCTAAAAATTACCAGCCTT^^ (forward) 
AAGGAATAAGGTATGGCGTTC^AATTCAAAACCTITGCGGCAGTC (reverse) 
Verification 

yaeC 3: ACAGCCGCTTAGCATGAGTG 
yueC 4: AATTCAGTTCGCAGGCGACC 

nlpA Generation 

ACCGCaGCXjACCITACCGCTATAGTCAGCTAATCATTAATAA^ (forward) 
TGAGAATTACCAGCCAGGCACCGCGCCACCGTTAAAA (reverse) 
Verification 

nlpA 3: CGTGGTCAGTAAGAAGTGCC 
nlpA 4; GCTGCTGATTCTGTCATCGG 

ytfD (mrrmF) Generation 

GGTTGACTTTGCATTCnXjTrAACAAACGCX3 (forward) 
GGTTGAGTAAGGAAATAAGCACCATAGCACAACGCAACAAACCATATGAATATCCTCCTTAG (reverse) 
Verification 

ykfD 3: GACTTGTTCGCACCfTCC 
yk/D 4: GGCTGTCGGCTAAGTTAC 

met/ Generation 

TGGTCTGGTCTCAATTTATTGACGAAGAGGATTAA (forward) 
TAGCGCATCAGGCGATTCCACTCCGCGCCGCTCTTTT^ AATG (reverse) 

Verification 

meJ 3: CAACTGTGTGGTCTGGTCTC 
me J 4: TGCGATGAGCGAGAGATCTG 



which arc designed from the internal kanamycin gene. The second 
PCR used primer kj and primer 4 (reverse. Table 2). The third PCR 
used primers 3 and 4 (Tabic 2), To delete the kanamycin gene from 
the chromosome, pKD4o* was removed from the cells by growing 
the bacteria at 37 °C. and then pCP20 was introduced by transfor- 
mation. The transform ants containing pCP20 were grown over- 
night with shaking at 42 °C, and the cultures were plated on LB 
agar without antibiotics. Colonics were tested for sensitivity to 
kanamycin and ampicillin. To verify the loss of the kanamycin 
gene, the last PCR using primers 3 and 4 (sec above, Table 2) was 
repeated. Growth experiments were carried out in M9 minimal me- 
dium, with MgC! 2 replacing MgS0 4 and with 20 ^lM ^-methionine 
or 100 jlM ^methionine serving as the sole sulfur source. 



DNA manipulations and gene cloning 

Standard methods were used for chromosomal DNA isolation, re- 
striction enzyme digestion, agarose gel electrophoresis, ligation, 
and transformation (Sambrook ct al. 1989). Plasm ids were isolated 
using spin miniprep kits (Qiagcn, Chatsworth. Calif. USA), and 
PCR products were purified using Qiaquick purification kits (Qia- 
gcn). For gene cloning, the metD opcron {abc-yacE-yacQ and mcU 
gene were amplified from wild-type E, ccJi BW251 13 chromoso- 
mal DNA by PCR. The following primers were used for gene am- 
plification (restriction sites AJwil, Xbal and HindUl arc underlined) 
-formerD, 5'-CG C G G T A C C G A T A A A A r TT rrfi 



AATATC AC C-3' and 5'-C G C C T C T A G_A_ T T a f" a 
A ATTGTGGAAACAGC C-3', and for 5'-G A A 
I£lAGACATGGCTGAATGGAGCGGCG-r 
and 5^C G C C Aa^LCXI A G T A T T C C C A C G T C T 
C C G-3'. The PCR products were purified, treated with Kpnl and 
Xbal (for meiD) or with Xbal and HintSXl (for metJ) 4 and then 
cloned into pBAD24 (Guzman ct al- 1995). 



Transport assays 

Ceils grown in M9 minimal medium were harvested in the expo- 
nential growth phase, washed once in Tris-maleatc (TM) buffer, 
pH7.0, and resuspended in the same buffer COnUiining 0.5% D,L- 
lactate plus lOO^g chloramphenicol/ml. Uptake studies were con- 
ducted ai 37 °C over a 10-min lime interval with the cell density at 
an OD^ of 0.1 0 and 0.40 and the methionine concentration at 
0.5 nM (50,000 cpm/ml; 55 iiCtyimol) and 5.0 nM (50,000 cpm/ 
ml; 5.5 jiCi/^imol), respectively, for the l- and r>isomcrs. 1-f ,4 C]L- 
and D-mcthioninc were purchased from American Radiolabeled 
Chemicals. Aliquots OOOuJ) were periodically removed from the 
1-ml cell suspensions. Cells were transferred to 10 ml of ice*cold 
TM buffer, filtered (0.45-u.m Millipore filters) and washed twice 
with the same buffer. After drying the fillers, radioactivity was 
measured by scintillation counting using 10 ml of Biosafe NA 
scintillation fluid (Research Products International, Mt. Prospect, 
III., USA). For comparison of the uptake of ^methionine between 
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Che abc*yaeE and the abc-yacE mmuP mutants, L-mcthionine con- 
centrations of 13 and 103uM (12u.Ci/umot) wcta used since the 
low-affinity L-meihioninc transporter was analyzed. Initial uptake 
rates were inhibited over a S-min lime interval for both c- and 
D-methionine. Unless otherwise stated, the concentration of the 
non-radioactive inhibitory amino acid was ten times the methionine 
concentration. The uptake activity attributed to MctD alone was 
obtained by subtracting the activity remaining in the absence of 
MetD function from the wild-type activity (e.g., .sec Tabic 3), as- 
suming that loss of MelD does not activate some other transporter. 



Computer methods 

Sequences of the proteins thai comprise the three constituents of 
MUT family permeases were obtained by initial BLAST searches 
(Aitschul ct al. 1997) using the sequences of the three E. colt MetD 
permease constituents as query. The resulting hits were filtered 
through a program manipulating the BLAST program to eliminate 
the sequences more related to other families in the ABC supcrfam- 
ily (C. Tran and M.JH. Saicr, Jr.. unpublished program). 

Multiple sequence alignments were constructed using the 
ClustalX program (Thompson ct al. 1997). The gap penalty and 
gap extension values used with the Clustal X program were 10 and 
0J, respectively, although other combinations were tried. The 
HMMTOP (Tusnady and Simon 199$, 2001) and TMHMM 
(Krogh el al. 2001; Sonnhammcr et al. 1998) programs were used 
to determine the predicted numbers of transmembrane segments. 
Phylogenetic trees were derived from alignments generated with 
the ClustalX program using the BLOSUM62 scoring matrix. The 
trees were drawn using the TreeVicw program (Page 1996). Com- 
plementary trees were constructed using the PhyJo_win program 
(CaUier et al. 1996) with the neighbor-joining method and PAM 
distances as the model of evolution. This study was conducted in- 
dependently for the three protein constituents of the ABC trans- 
porters that comprise the MUT family, and the sequences obtained 
were checked manually to see whether all three ABC elements had 
been identified for each transporter. 

G+C content was analyzed with the GeeCcc program (Rice 
et al. 2000), and codon usage was analyzed with the Countcodon 
program from the Codon Usage Database website (http://www. 
kazusa.or.jp/codon/countcodon,html). The lipoproieic structure of 
the receptors was predicted with the Lipop section of the PSORT 
program (http://psort.nibb.ac.jp). S-boxcs were predicted with the 
RNApaltem program (Vitreschak et al., unpublished program). 



Growth studies 

Figure 1 shows the growth of the isogenic strains described 
above with IOOjiM D-methioninc as the sole source of 
sulfur. The wild-type strain, the nlpA mutant, and iheykfD 
(Thanbichler et al. 1999) mutant grew equally well, but 
the abc-yaeE mutant and Ihc yaeC nlpA double mutant as 
well as the abc-yaeE-ykfD triple mutant grew very poorly. 
Both the growth rates and growth yields were substan- 
tially depressed. These effects were completely reversed 
by inclusion of a plasmid (pBAD24) bearing the metD 
(abc-yaeE-yaeC) operon (data not shown, see supplemen- 
tary Fig. SI in the electronic supplementary material). The 
yaeC single mutant grew substantially better than the two 
double mutants but much less well than the wild-type strain. 
When 20 (iM L-rnethionine served as the sole source of 
sulfur, the difference between the wild-type and the dou- 
ble mutants was less pronounced than when b-methionine 



1 




Timc(h) 

Fig. 1 Growth of Escherichia coli as a function of time in M9 
minimal medium in which MgS0 4 was replaced by 1 mM MgCl 2 
and D-methioninc was added at a concentration of 100nM as the 
sole sulfur source present. The growth experiments were con- 
ducted three limes, and the results were averaged. The following 
strains were examined: wijd-type (BW25113) (O), Aabc-yacE 
(□), Ay<v<fC (A), AnlpA (O), byaeC-AnlpA (O), AykfO (□) and 
Aabc-yaeE AykjfO (A), Error bars indicate standard deviations 




Time (min) 

Fjk.2 Uptake of l-[ M C]L-mcthionine (a) and l-[ w qD-meihioninc 
(b) by wild-type (BW25I13) (O), Aabc-yacE (□), AyacC (A), 
AnlpA (O), AyaeC-AnlpA (O), AyftfD (Q) and Aabc-yacE AykfO (A) 
cells. Cells grown in M9 minimal medium were prepared as de- 
scribed in Materials and methods. Uptake assays wen; carried out at 
37 °C over a 10-min time interval with the optical densities (600 nm) 
at 0.1 (a) or 0,4 (b) and the methionine concentrations at 0.5 uM 
(55 uCi/umoi) or 5 MM (S.5 uCi/u.moI) (both at 50,000 cpm/ml), re- 
spectively, for the l- or D-isomcrs. Values arc expressed in pmol 
L- or D-mcthionine retained pcrmg bacterial dry weight. The exper- 
iment was conducted three times, and the results reported represent 
an average of the values obtained. Error bars indicate Standard de- 
viations 
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was used (Fig. 1; data not shown). However, depressed 
growth suggested (hat the transporter could accept both 
D- and L-mclhioninc as substrates. 



Transport studies 

Figure 2 shows the uptake of [ l4 C]L-mcthionine (Fig. 2a, 
0,5 ^M) and [ ,4 C]D-methionine (Fig. 2b, 5ftM), respec- 
tively. Relative rates of uptake of the two substrates by the 
wild- type and mutant strains were essentially the same. 
Thus, the wild-type, and the mutant strains yjfc/D and nlpA 
took up the amino acids at nearly the same rate; the two 
double mutants (abc-yaeB and yaeC nipA) took up both 
substrates poorly, and the yaeC single mutant took up 
both substrates poorly but slightly better than the double 
mutants. These depressed uptake rates were largely re- 
versed by inclusion of the plas mid-encoded melD operon 
in these strains (data not shown; see Fig. S2 in the elec- 
tronic supplementary material). It was therefore con- 
cluded that; (1) both L- and D-methionine are substrates of 
the Abe- YaeE- YaeC transporter, and (2) the binding re- 
ceptor YaeC, and possibly NlpA, can activate both d- and 
L-methionine uptake. If NlpA acts as a receptor for the 



Abe- YaeE system, it is a much less effective receptor than 
YaeC. For both isomers, residual uptake was observed in 
the abc-yaeB mutant, suggesting that a second transporter 
exists both for l- and for [^methionine. We tested the 
transport of L- and D-methionine at concentrations of 10 and 
1 00 |iM in the mtnuP abc-yaeE triple mutant, but no sig- 
nificant difference was observed relative to the abc-yaeE 
mutant (data not shown). This result is consistent with the 
indistinguishable growth rates between the abc-yaeB-yaeC 
and the aboyaeE-yacC mmuP mutants observed by Gal et 
al. (2002) in a methionine auxotrophic Strain grown in 
minimal medium supplemented with L-methionine. It can 
therefore be assumed that the S-mcthylmethionine perme- 
ase MmuP is not responsible for the residual transport of 
L- or D-mcthioninc observed in the abc-yaeE mutant. 



Inhibition studies 

Table 3 summarizes the inhibitory effects of several non- 
radioactive amino acids present at ten-fold the concentra- 
tion of the radioactive amino acid on uptake of both L- and 
D-melhioninc. Uptake of L-methionine by the wild-type 
bacteria was strongly inhibited by L-methionine and weakly 



Tabic 3 Inhibition of L-me- 
thionine (top) and D-mcthion- 
ine (bottom) uptake by the 
l- and d- isomers of several 
iiimno acids. Assays were done 
as described in Materials and 
methods with the non-radioac- 
tive inhibitory amino acids at 
lOx the concentrations of the 
radioactive substrate. Rale of 
uptake is expressed in pmol/ 
(minxmg dry weight). Wild • 
typc^Aahc-yaeB is the uptake 
activity attributed to MctD 
alone 



Inhibitor 


Wild-type 




&Crbc~yaeE 








Rate 


% 


Rate 


% 


Rate 


% 




688.8*88 


100 


230.4*16 


100 


458.5*72 


100 


L-Methionine 


47.5*5 


7 


41.8±8 


18 


5.7*3 


) 


D -Methionine 


635,3*45 


92 


298.6*16 


129 


336.8*30 


73 


AT-Formyi-L-methioninc 


268.3*18 


39 


258.9*13 


112 


9.3*5 


2 


LA Alanine 


627.4±56 


91 


176,9*20 


77 


45K1*35 


98 


D- Alanine 


649.5*40 


94 


281.6*22 


122 


367.9*18 


80 


L-LyCUCinc 


581.8140 


84 


179.7±16 


78 


402.1*24 


88 


D-Leucine 


677.5*56 


98 


245.6±36 


107 


431.9*20 


94 


L-Valine 


528.1 ±50 


77 


159.1*18 


69 


369.0*31 


so 


L-Serine 


833.2*105 


121 


271.7*17 


118 


561.5*88 


122 


D-Scrinc 


590.3±57 


86 


304.8±25 


132 


285.5*34 


62 


i--Thrconine 


612.7*76 


89 


151.7*25 


66 


461.0*51 


101 


D-Threonine 


649.8*72 


94 


245.6*34 


107 


404.1*38 


88 


Inhibitor 


Wild-type 




Aab&yacE 




Wild-type-AaAc-yac£ 




Rate 


% 


Rate 


% 


Rate 


% 




287.8±3i 


100 


68,4*11 


100 


219.3*20 


100 


D-Mcthioninc 


34.2*4 


12 


28.8*5 


42 


5.4*1 


2 


L-Mcthionine 


66.7*12 


23 


36.5*5 


53 


31.1*6 


14 


W-Fotmyl-L-mcthi oniric 


71.6*11 


25 


45.8*8 


67 


25.73*3 


12 


L- Alanine 


273.0*25 


95 


77,8*9 


114 


195.2*16 


89 


D- Alanine 


306.5±29 


106 


73.1*7 


107 


233.33*22 


106 


^leucine 


269.1*24 


94 


75.4*14 


110 


1 93.7*10 


88 


D -Leucine 


258.2*26 


90 


84.0*4 


123 


174.2*22 


79 


L-Valinc 


232.6*21 


81 


65.3*9 


95 


167.2*12 


76 


t-Scrinc 


327.5*36 


114 


70.8*10 


103 


256.7*26 


1L7 


D -Serine 


338.3±23 


118 


85.6*7 


125 


252.8*17 


115 


L-Thrconinc 


345.3*33 


120 


84.0*11 


123 


261.3*22 


119 


D-Threonine 


329.8*33 


115 


87,9*6 


128 


24L9±27 


110 
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inhibited by W-formyl t-rneihionine. However, no other 
amino acid inhibited strongly. Uptake by the abc-yaeE 
mutant was most strongly inhibited by L-methionine and 
10 a lesser extent by L-thrconinc, L-v aline, L*alanine, and 
L-leucine. When uptake of D-mcthioninc was studied in 
wild-type E, colu L-methionine was most inhibitory fol- 
lowed by Af-formyl L-methionine and D-methiontne in that 
order, but no other amino acid inhibited. In the abc-yaeE 
mutant, only L-mcthionine inhibited strongly. The mild in* 
crease of transport rate observed in the presence of some 
amino acids is unexplained. The results are consistent 
with the conclusion that the MetD transporter is specific 
for L- and D-meihioninc as well as N-formyl-i^methion- 
ine. The relative inhibitory effects of l- and D-methioninc 
on uptake of these two radioactive substrates are in line 
with the relative affinities reported by Kadner (1974, 
1977) (K m values of 75 nM for L-methionine (Kadner 
1974) and 1 .2 jjM for ^methionine (Kadner 1977)). Inhi- 
bition studies of D-methionine uptake were also conducted 
with 100- and 1,000 fold excess of both L- and D-methio- 
ninc. The results were consistent with the existence of a 
second low-affinity transporter for methionine (data not 
shown). Surprisingly, the uncharacterized methionine trans- 
porter present in the mutant is also fairly specific for me- 
thionine. 

The effects of energy poisons were also examined (data 
not shown; see Fig. S3 in the electronic supplementary 
material). The conditions used were essentially the same 
as those reported in Zhang et al. (2003). FivcmM sodium 
arsenate virtually abolished uptake of both L- and D-mc- 
thionine under the same conditions used in the experiment 
reported in Fig. 2. FCCP (carbonyl cyanide 4-trifiuoro- 
methoxyphenylhydrazonc) at a concentration of 2 joM was 
substantially less inhibitory (sec Fig. S3 in the electronic 
supplementary material). The results cleariy suggest that 
uptake is energy dependent and arc consistent with the ex- 
pectation that ATP is the energy source. 



Regulation of metD operon expression by McLJ 

A met! knockout mutant was constructed, and metJ was 
cloned into plasmid pBAD24 for complementation stud- 
ies. Using [ ,4 C]D-methionine as the uptake substrate, the 
effects of met! expression plus and minus l- and D-me- 
thionine were studied (Fig. 3). In Fig.3a» it can be seen 
that the presence of either l- or D-methionine substantially 
reduced uptake of D-methionine into wild-type cells. In 
Fig. 3b, the same experiment conducted with the metJ mu- 
tant revealed that (1) the loss of mat! enhanced uptake 
above that observed for the wild-type strain grown with- 
out methionine and (2) methionine present during growth 
did not exert a repressive effect. In Fig. 3c, it can be seen 
that the plasmid bearing metJ depressed methionine up- 
take activity in the wild-type background and depressed 
the much greater activity of the metJ mutant even more. 
As expected, the wild-type strain expressing metJ on the 
plasmid exhibited lower D-methionine uptake than ob- 
served for the mcU mutant bearing the same plasmid. These 




4 6 8 
Time (min) 



10 



Kig.3a-c Uptake of ( i4 C]D-mcthionine by cells grown in M9 me- 
dium with or without L- or D-mcthionine. Uptake experiments 
were conducted as described in the legend to Fig. 2. a Wild-type 
cells grown without methionine (O), with 25 uM L-mcthioninc 
(□), or with 25 flM r>methionine (A), b The same conditions and 
symbols were used for the metJ mutant, c Complementation stud- 
ies with the met! bearing pBAD24 plasmid. Wild-type cells bear- 
ing pBAD24 (O), wild-type cells bearing pBAD24-/wrt/ (□). met! 
mutant with pBAD24 (A), met/ mutant with pBAD24-//wA/ (O). 
All cells in (c) were grown in medium M9 containing 1 00 fig ampi- 
cillin mr -1 and 2mM L-urabinosc 



results are in accord with the expected meU gene dosages. 
Measurements of L-methionine uptake were similar, but 
differences were substantially less pronounced as expected 
(data not shown). 



Phylogenetic studies 

Our preliminary results suggested that the E. coll ABC 
methionine transporter identified by Gal et al. (2002) and 
Merlin et al. (2002) and in the work described here belongs 
to a novel family within the ABC superfamily. Surprisingly, 
this family is more closely related to the polar amino acid 
uptake transporter (PA AT) family (TC# 3. A. 1,3) than to 
the hydrophobic amino acid uptake transporter (HAAT) 
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Fig.4x Phylogcnctic trees 
of the three constituents of the 
MUT family of ABC trans- 
porters: a ATP-binding cas- 
sette (ABQ constituents, 
b membrane constituents* 
c solute binding receptors. The 
multiple alignments were gen- 
crated with the ClustalX pro- 
gram (Thompson et at. 1997) 
using the BLOSUM 62 scoring 
matrix* The trees arc based on 
the neighbor-joining method 
and were drawn with the Trcc- 
Vicw program (Page 1996). 
c * refers to a receptor that is 
not encoded with a gene for an 
ABC protein or a membrane 
protein 
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Fig. 4c 




family (TC# 3.A.1.4). We have termed this family the me- 
thionine uptake transporter (MUT) family (TC# 3.A.1.23). 

We identified the three constituent proteins that com- 
prise MUT family permeases (Table 4). Most organisms 
having MUT family representation have only one homo- 
logue within this family, but a few have two. Organisms 
with two paralogies include Salmonella ryphimurium. 
Yersinia pestis, and Pseudomonas aeruginosa (all y-Pro- 
tcobacteria) as well as Bacillus anthracis. Staphylococcus 
aureus, and two species of Listeria (all low G-K! gram- 
positive bacteria). No organism has three or more par- 
alogues within the MUT family. The database entry for 
the Hxn membrane protein-encoding gene in Haemophilus 
influenzae was found to be truncated at both the N- and 
C-termini due to (1) an incorrect initiation cod on assign- 
ment and (2) a frameshift mutation in the structural gene. 
This frameshift mutation has been shown to be authentic 
and not due to a sequencing error. Hin may therefore be 
encoded by a pseudogene. The reconstructed protein was 
198 residues long. The database entries for the Vch and 
Bha receptors were also found to be erroneous due to in- 
correct initiation codon assignments (Tabic 4). 

The phylogenetic trees shown in Fig. 4a, b, c for the 
ABC, membrane and receptor protein constituents of the 
transporters, respectively, were analyzed according to phy- 
logenetic cluster. Cluster 1 includes the £. coli methionine 
uptake transporter, and only y-proteobacterial proteins are 



represented. All of the members of cluster 1 have lipopro- 
teins as receptors. The phylogenies of the proteins follow 
those of the organisms thereby suggesting orihology. One 
system, Vch, has its ABC protein and its receptor in clus- 
ter I, but its membrane protein is loosely clustered with 
the ct-protcobacterial proteins of clusters 7 and 13. This 
may possibly represent an unusual case of shuffling of 
constituents between systems (Kuan et al. 1995), Only the 
membrane protein behaved anomalously. However, using 
PAM distances with the Phylo.win program (Galtier ct al. 
1996), the membrane constituent Vch clustered together 
with other cluster 1 proteins. For all complete cluster 1 
members, predicted Me J boxes were found in the pro- 
moter regions of the operons as shown in Fig. 5. 

Cluster 2 consists of proteins from streptococci and a 
closely related lactic acid bacterium. These proteins are 
also probably orthologous to each other. 

Cluster 3 proteins from Helicobacter pylori and Fu* 
sobacterium nucleatum always cluster together in spite of 
the great phylogenetic distance between these two organ- 
isms. Tt seems possible that horizontal transfer had oc- 
curred. Therefore, the G+C contents and codon usages of 
the genes encoding the ABC transporters of these two or- 
ganisms were compared, but no significant differences 
were observed relative to those of the genomes. This neg- 
ative result does not eliminate the possibility of horizontal 
transfer. 
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Eco 


AGACGTCT 


GGATGvCT 


TAACATCC 


Styl 


AGACGTCT 


GGATGCCT 


TAACATCC 


Ypel 


AGCCGTCT 


AGACGCCT 
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AGACGTCT 


AGACGTAA 
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Fig. 5a, b Conserved MetJ binding sites (Met. boxes) found be- 
tween ahc and yaeO from enterobacteria. a An alignment of pro- 
posed Met boxes from Escherichia coll (Eco), Salmonella ry- 
phimurium (Styl), Yersinia pest is (Ypel), Vibrio cholcrae (Vch), 
Haemophilia influenzae (Hin). and Pastcurclla muUocida (Pmu). 
Protein abbreviations arc as indicated in Table 4. The numbers at 
the right indicate the distance from the start codoo of abc. b The 
number of matches to the consensus Met box sequence 
(AGACGTCT) »$ shown for each predicted Met box 

Clusters 4—13 consist of only one or two proteins per 
cluster. In clusters 7 and 1 1 , the two proteins in each clus- 
ter are from ct-Protcobacteria, suggesting orthology. How- 
ever, some of the distantly related proteins belong to 
closely related organisms (e,g„ Sty2 and Ype2; Nme and 
Rso). This clearly suggests that sequenceniivergent pri- 
mordial proteins resulted from early gene duplication 
events and that these early paralogues were not transmit- 
ted to most of the organisms. Moreover, this conclusion is 
confirmed by the presence of several lipoprotcic receptors 
from gram-negative organisms (Ccr, Nme, Tpa) although 
most are soluble (Table 4). 

Cluster 14 consists of y-proteobacterial proteins except 
for Ccr, which is from an cc-proteobacterial species. The 
clustering patterns in Fig. 4a, c are consistent with onhol- 
ogy, but the clustering of Ccr in Fig. 4b is anomalous, and 
the same topology was obtained using PAM distances as a 
model of evolution. 

Clusters 15 and 16 clearly represent two sequence-di- 
vergent groups of paralogues, both represented in Bacillus 
anthracls and two Listeria species. Staphylococcus au- 
reus as well as Bacillus subtilis and Bacillus lialodurans 
encode within their genomes only the second of these ho- 
mologues (cluster 16). The clustering of Bha in Fig. 4c is 
anomalous, and this was also observed for the tree drawn 
using PAM distances, S-boxcs have been predicted up- 
stream of the opcrons encoding all transporters in clusters 
15 and 16 with the exception of Bha (data not shown). 

Cluster 19 includes a single chlamydial protein although 
three chlamydial species have been sequenced. In spite of 
their close phylogenetic relationship, the other two close 
relatives of Chlamydophilia pneumoniae must have lost 
the corresponding orthologues. 

Finally, in cluster 20, Cac and Cjc are always together 
(Fig,4a, b, c). Because of the great distance between 



Clostridium acetobury Ileum (a gram-positive bacterium) 
and Campylobacter jejuni (a gram-negative e-proicobac- 
terium), we suggest that horizontal transfer has occurred. 
However, this assumption can not be confirmed as both 
organisms have similar overall G+C content, and the G+C 
content and codon usage patterns of the MUT genes did 
not prove to be different from those of the complete 
genomes. An S-box was also predicted in the region of the 
operon encoding the Cac system. 

With the exception of Lla, all receptors from gram- 
positive organisms were predicted to be lipoproteins. For 
Lla, a signal peptide with high similarity to those of Spn, 
Spy, and Smu was found. However, the conserved cys- 
teine residue essential for lipid anchorage was replaced by 
a glycine residue. This might be explained by a sequenc- 
ing error or by a single-point mutation since the codons 
for these two residues differ by only one nucleotide. 



discussion 

The results presented here confirm and extend the molec- 
ular characterization of the MetD transporter identified 
earlier in the laboratories of Kadner and Ayling. abc and 
yae£ encode, respectively, the ATP-binding cassette (ABC) 
and membrane proteins of the MetD transporter. YaeC, the 
receptor encoded with the other components of the trans- 
porter, is the major binding protein for both l- and D-me- 
thionine. Inhibition studies revealed that the transporter is 
specific for both methionine isomers and their analogues 
including N-formyl methionine (Table 3; Kadner 1974, 
1977). However, the YaeC-relatcd paralogue NlpA (lipo- 
protein 28) may also exhibit the slight capacity to bind the 
two isomers of methionine. The abc-yaeE-yaeC genes 
were renamed metNlQ by Gal el al. (2002) and Merlin et 
al. (2002). 

We confirmed Kadner's observation That L-methionine 
effectively competes for D-methionine transport while D-me- 
thionine does not strongly compete for L-methionine trans- 
port. This led Kadner to suggest that the mexD locus en- 
codes a component of at least two transport systems but 
may not encode the initial mcthionine-binding site (Kadr- 
ner 1977), a suggestion reiterated by Merlin ct al. (2002). 
However, the data presented here show that MetD is a sin- 
gle transport system with a single major methionine-bind- 
ing receptor The difference in inhibition observed for the 
two isomers is a consequence of the low K m for [--methio- 
nine (75 nM) (Kadner 1974), which is 15-fold lower than 
that for ^methionine (1.2u\M) (Kadner 1977). We further 
demonstrate that Med is an effective repressor of mttD 
expression. 

Phylogenetic analyses led to the conclusion That MetD 
belongs to a new ABC family, which wc named the methio- 
nine uptake transporter (MUT) family (TC #3 A. 1. 23). The 
MUT family is widely represented among bacterial subdi- 
visions. All homologucs of each of the three components 
are of a similar size, and all membrane proteins exhibit 
five putative transmembrane a-helical segments (TMSs). 
The overall topology of the trees presented does not fol- 
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low the phytogenies of the organisms, suggesting that sev- 
eral genetic duplications encoding these systems had oc- 
curred early during the evolutionary history of the family. 
The existence of several sequence-divergent primordial 
paralogues is likely to explain the topology of the phylo- 
genetic trees. However, no more than two of these par- 
alogues have been transmitted to any currently sequenced 
organism. 

It is interesting to note that Yersinia pesris and Salmo- 
nella typhimurium^ two close relatives of E. coli, possess 
two paralogous systems within the MUT family whereas 
only the receptor is present twice in £. coli. The possibil- 
ity that the common ancestor of these three organisms had 
two paralogous systems, and that E. coli specifically lost 
the membrane and ABC proteins of one of them is highly 
unlikely. Ype2 and Sty2 do not cluster with Ypel and Sty 1 
although the two receptors, Eco2 and Ecol, are found to- 
gether in cluster 1. We therefore propose that nlpA (en- 
coding Eco2) arose by a much more recent duplication of 
the yaeC gene precursor (encoding Ecol). TTiis conclu- 
sion is corroborated by the observation that both Sty2 and 
Ype2 are not lipoproteins although Ecol and Eco2 are. 

Cluster J includes a group of 7-proteobacterial proteins 
conserved in all three trees. For this cluster, the phytoge- 
nies of the proteins agree with those of the organisms. More- 
over, we identified MetJ binding sites in the promoter re- 
gions of all members of this cluster, and all cluster 1 re- 
ceptors are predicted to be lipoproteins. These observa- 
tions strongly suggest that ail cluster 1 systems are orthol- 
ogous methionine transporters, a suggestion confirmed by 
the presence of the functionally similar MetD transporter 
in S. typhimurium (Ayling and Bridgeland 1972; Ayling et 
al. 1979; Betteridge and Ayling 1975; Poland and Ayling 
1984). 

Several members of the MUT family from gram-positive 
bacteria are likely to transport sulfur compounds. Thus, 
almost all cluster 15 and 16 constituents (Figs. 4a-c) are 
encoded in operons regulated by S-boxes (Grundy and 
Henkin 1998). S-boxes are gram-positive bacterial con- 
sensus sequences for the transcriptional control of sulfur 
metabolism (Grundy and Henkin 1998). The presence of 
transporters likely to be involved in sulfur acquisition in 
positions throughout ihe phylogenetic tree suggests that 
this entire family may be involved in the transport of or- 
ganic sulfur compounds. Further experimentation will be 
required to determine the substrate ranges of the trans- 
porters in this family. 

The MUT family is of pharmaceutical interest since sev- 
eral members are required for bacterial pathogenicity. sfbA 
of 5. typhimurium is found in a pathogenicity islet and is 
essential for infection in a mouse model (Pattery el al. 
1999), although its specific contribution to pathogenicity 
is unknown. sfbA was predicted to encode the binding 
protein of an ABC transporter for iron because its expres- 
sion was increased under iron-limiting conditions. Despite 
its regulation by iron, a Fur regulatory binding site was 
not found close to this operon (Panina et al. 2001). Based 
on the analyses presented here, wc suggest thai the Sfb 
transporter is involved in the uptake of an amino acid or 



sulfur compound during infection. The H. influenzae hlpA 
gene is not essential for infection, but a mutation in this 
gene results in reduced invasion in rats (Chanyangam et 
al. 1991). Helicobacter pylori also contains a MUT fam- 
ily transporter (AbcBCD) of unknown function that is re- 
quired for maximal production of urease, essential for col- 
onization (Hendricks and Mobley 1997). Since many Yer- 
sinia pestis strains require exogenous methionine (Bru- 
baker 1972), methionine transporters may be drug targets 
for these organisms. 
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(54) Method for producing L-glutamic acid 

(57) L-Glutamic acid is more efficiently produced at 
lower cost compared with conventional techniques by 
culturing a corynefbrm bacterium which has L-glutamic 
acid-producing ability in a medium to produce and accu- 
mulate L-glutamic acid in the medium, and collecting 
the L-glutamic acid from the medium, wherein an L- 
glutamic acid uptake system is deleted or decreased in 
the coryneform bacterium. 
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Description 

Technical Field 

5 [0001] The present invention relates to an L-glutamic acid-producing bacterium and a method for producing L- 
glutamic acid by fermentation utilizing the bacterium. L-glutamic acid is an amino acid important for foodstuffs, medical 
supplies and so forth. 

Related Art 

10 

[0002] Heretofore, L-glutamic acid has been produced by a fermentation method using corynefbrm L-glutamic acid- 
producing bacteria belonging to the genus Brevibacterium, or Corynebacterium (Amino Acid Fermentation, Gakkai 
Shuppan Center, pp. 195-2 15, 1986). As such corynefbrm bacteria, wild strains isolated from nature or mutants thereof 
are used to improve the productivity. 

is [0003] Moreover, there have also been disclosed various techniques for promoting L-glutamic acid-producing ability 
by enhancing genes for enzymes involved in the L-glutamic acid biosynthetic system through recombinant DNA tech- 
niques. For example, Japanese Patent Laid-open Publication No. 63-214189 discloses a technique for elevating the L- 
glutamic acid-producing ability by enhancing a glutamate dehydrogenase gene, isocrtrate dehydrogenase gene, aconi- 
tate hydratase gene, and citrate synthase gene. 

20 [0004] On the other hand, as for L-threonine, there has been known a technique of disruption of an uptake system 
of the amino acid in order to increase the production of the amino acid (Okamoto, K. et al., Biosci. Biotech. Biochem., 
61 (11), 1877-1882(1997)). 

[0005] For L-glutamic acid, the structure of the genecluster of the uptake system for L-glutamic acid (gluABCD 
operon) in Corynebacterium gtutamicum has been known (Kronemeyer, W. et al. t J. Bacterioi., 177 (5). 1152-1158 

25 (1995)). Moreover, Kronemeyer et al. produced a strain in which the L-glutamic acid uptake system encoded by the 
gluABCD operon was deleted, and studied about the excretion of L-glutamic acid using this strain. In this study, they 
concluded that the excretion of L-glutamic acid of Corynebacterium gtutamicum did not depend on gluABCD, and 
depended on other uptake and excretion mechanisms. Furthermore, an uptake system of L-glutamic acid other than 
that encoded by giuABCD has also been reported (Burkovski, A. etal., FEMS Microbiology Letters, 136, 169-173 

30 (1996)). These reports suggest that the accumulation amount of L-glutamic acid in the medium is not affected even if 
at least the L-glutamic acid uptake system encoded by the gluABCD operon is deleted. Therefore, it has not been 
attempted to improve the L-glutamic acid-producing ability by disruption of the uptake system of L-glutamic acid 
encoded by gluABCD. 

35 DETAILED DESCRIPTION OF THE INVENTION 

[0006] The object of the present invention is to breed a bacterial strain having high L-glutamic acid-producing abil- 
ity, and thereby provide a method for more efficiently producing L-glutamic acid at low cost in order to respond to further 
increase of the demand of L-glutamic acid. 
40 [0007] In order to achieve the aforementioned object the inventors of the present invention studied assiduously. As 
a result, they found that an L-glutamic acid-producing bacterium of coryneform bacteria whose gluABCD operon was 
deleted had high L-glutamic acid-producing ability contrary to the suggestion by the aforementioned prior art, and thus 
accomplished the present invention. 
[0008] That is, the present invention provides the followings. 

45 

(1) A method for producing L-glutamic acid, comprising the steps of culturing a coryneform bacterium which has L- 
glutamic acid-producing ability in a medium to produce and accumulate L-glutamic acid in the medium, and collect- 
ing the L-glutamic acid from the medium, wherein an L-glutamic acid uptake system is deleted or decreased in the 
coryneform bacterium. 

so (2) The method according to (1 ), wherein the L-glutamic acid uptake system is encoded by the glUABCD operon. 

(3) The method according to (2), wherein at least one of expression products of the gluABCD operon is deleted in 
the coryneform bacterium. 

(4) The method according to (3), wherein at least gtuA is deleted in the coryneform bacterium, 

(5) The method according to (4), wherein all of gluA, gfuB, gluC and gtuD are deleted in the coryneform bacterium. 

55 

[0009] According to the present invention, L-glutamic acid can be produced at a higher yield compared with con- 
ventional techniques. 

[0010] R>r the present invention, the term "L-glutamic acid-producing ability" refers to an ability of a coryneform 
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bacterium used for the present invention to accumulate L-glutamic acid in a medium when the bacterium is cultured in 
the medium. 

[001 1 ] Hereafter, the present invention will be explained in detail. 

[001 2] The coryneform bacterium used for the present invention is a coryneform bacterium having L-glutamic acid- 
producing ability, in which an L-glutamic add uptake system is deleted or decreased. 

[0013] Bacteria belonging to the genus Corynebacterium as referred to herein are a group of microorganisms 
defined in Bergey's Manual of Determinative Bacteriology, 8th Ed., p. 599 (1974). The bacteria are aerobic, Gramposi- 
tive, nonacid-fast bacilli not having the ability to sporulate, and include bacteria which had been classified as bacteria 
belonging to the genus Brevibacterium but have now been unified into the genus Corynebacterium [see Int. J. Syst 
Bacteriol. , 4 1 , 255 (1 98 1 )] and also include bacteria of the genus Brevibacterium and Microbacterium which are closely 
related to the genus Corynebacterium. Examples of coryneform bacteria preferably used for producing L-glutamic acid 
include the followings. 



Corynebacterium acetoacidophifum 
Corynebacterium acetoglutamicum 
Corynebacterium alkanolyticum 
Corynebacterium callunae 
Corynebacterium glutamicum 
Corynebacterium lilium (Corynebacterium glutamicum) 
Corynebacterium melassecola 
Corynebacterium thermoaminogenes 
Corynebacterium hercuiis 

Brevibacterium divaricatum (Corynebacterium glutamicum) 
Brevibacterium flavum (Corynebacterium glutamicum) 
Brevibacterium immariophilum 

Brevibacterium lactofermentum (Corynebacterium glutamicum) 
Brevibacterium roseum 
Brevibacterium saccharolyticum 
Brevibacterium thiogenitaiis 

Brevibacterium ammoniagenes (Corynebacterium ammoniagenes) 
Brevbacterium album 
Brevibacterium cerinum 
Microbacterium ammoniaphilum 

[0014] Specifically, the following strains of these bacteria are exemplified: 

Corynebacterium acetoacidophifum ATCC13870 
Corynebacterium acetoglutamicum ATCC15806 
Corynebacterium alkanolyticum ATCC21 51 1 
Corynebacterium callunae ATCC 15991 
Corynebacterium glutamicum ATCC13020, 13032, 13060 
Corynebacterium lilium (Corynebacterium glutamaicum) ATCC1 5990 
Corynebacterium melassecola ATCC1 7965 
Corynebacterium thermoaminogenes AJ12340 FERN BP-1539) 
Corynebacterium hercuiis ATCC1 3868 

Brevibacterium divaricatum (Corynebacterium glutamicum) ATCC14020 
Brevibacterium fiavum (Corynebacterium glutamicum) ATCC13826, ATCC1 4067 
Brevibacterium immariophilum ATCC14068 

Brevibacterium lactofermentum (Corynebacterium glutamicum) ATCC13665, ATCC13869 
Brevibacterium roseum ATCC13825 
Brevibacterium saccharolyticum ATCC1 4066 
Brevibacterium thiogenitaiis ATCC19240 

Corynebacterium ammoniagenes (Brevibacterium ammoniagenes) ATCC6871 
Brevibacterium album ATCC151 1 1 
Brevibacterium cerinum ATCC1 51 1 2 
Microbacterium ammoniaphilum ATCC15354 

[0015] The aforementioned deletion or decrease of an L-glutamic acid uptake system of coryneform bacteria can 
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be attained by mutating or disrupting a gene coding for the uptake system using a mutagenesis treatment or a genetic 
recombination technique. The term " L-glutamic acid uptake system is deleted or decreased" means to make the uptake 
system not function normally, and it includes that at least one of proteins constituting the uptake system is deleted or 
the activity of the protein is decreased, and that two or more of the proteins are deleted or the activities of the proteins 

5 are decreased. Further, the term "a protein is deleted" used herein include both of a case where the protein is not 
expressed at all, and a case where a protein that does not normally function is expressed. 
[0016] The gene coding for the L-glutamic acid uptake system can be disrupted by gene substitution utilizing 
homologous recombination. A gene on a chromosome of a corynefbrm bacterium can be disrupted by transforming the 
coryneform bacterium with DNA containing a gene modified by deleting its internal sequence (deletion type gene) so 

10 that the uptake system should not function normally to cause recombination between the deletion type gene and a nor- 
mal gene on the chromosome. Such gene disruption utilizing homologous recombination has already been established, 
and there have been known methods therefor utilizing linear DNA, plasmid containing a temperature sensitive replica- 
tion origin and so forth. A method utilizing a plasmid containing a temperature sensitive replication origin is preferred. 
[001 7] As a gene coding for an L-glutamic acid uptake system, the glUABCD operon has been known (Kronemeyer, 

is W. et a!., J. Bacteriol., 177 (5), 1152-1158 (1995)). Moreover, an L-glutamic acid uptake system other than that 
encoded by the gluABCD operon has also been known (Burkovski, A. et a/., FEMS Microbiology Letters, 136, 1 69-1 73 
(1996)). Although any of such genes may be disrupted, it is preferred that the uptake system encoded by the gluABCD 
operon is disrupted. 

[0018] Because the nucleotide sequence of this operon has been known (GenBank/EMBL/DDBJ Accession 

20 X81 1 91), this operon or each structural gene in the gluABCD operon can be isolated from chromosome DNA of coryne- 
form bacteria by PCR using primers produced based on the nucleotide sequence. A certain region can be excised from 
the thus obtained gene fragment with one or more restriction enzymes, and at least a part of a coding region or an 
expression control sequence such as promoter can be deleted to prepare a deletion type gene. 
[001 9] Further, a deletion type gene can also be obtained by performing PCR using primers designed so that a part 

25 of a gene should be deleted. For example, by using the primers having the nucleotide sequences shown as SEQ ID 
NOS: 1 and 2 in Sequence Listing, a gluD gene having a deletion of a part of 5* sequence can be obtained. Further, by 
using the primers having the nucleotide sequences shown as SEQ ID NOS: 3 and 4, a gluA gene having a deletion of 
a part of 3' sequence can be obtained. When gene substitution is performed by using the deletion type gluA gene or 
gluD gene obtained by using those primers, the gluA gene or the gluD gene can be disrupted. Further, if these deletion 

30 type gluA gene and deletion type gfuD gene are ligated, and the obtained fusion gene is used for gene substitution, all 
of gluA, gluB, gluC and gluD can be disrupted. Furthermore, when PCR is performed by using a plasmid containing a 
gluA gene that has been obtained by using primers having the nucleotide sequences shown as SEQ ID NOS: 3 and 5 
as a template, and primers having the nucleotide sequences shown as SEQ ID NOS: 6 and 7, and the amplification 
product is cyclized, there can be obtained a plasmid containing gluA gene including a deletion of an internal sequence 

35 and having 5' region and 3' region ligated in-f lame. When gene substitution is performed by using this plasmid, only the 
gluA gene can be disrupted. 

[0020] Moreover, primers other than those exemplified above can also be designed by the methods well known to 
those skilled in the art, and an arbitrary structural gene in the gluABCD operon can be disrupted by using such primers. 
Alternatively, the uptake system can be deleted by deleting an expression control sequence of the gluABCD operon 

40 such as a promoter so that the gene cannot be expressed. 

[0021 ] While the gene substitution of the gluABCD gene-cluster (henceforth referred to simply as "gluABCD gene") 
will be explained below, an arbitrary structural gene or expression control sequence can be similarly deleted. 
[0022] The gluABCD gene on a host chromosome can be replaced with a deletion type gluABCD gene as follows. 
That is, a recombinant DNA is constructed by insertion of a temperature sensitive replication origin, a deletion type 

45 gluABCD gene and a maker gene expressing resistance to a drug such as chloramphenicol, tetracycline and strepto- 
mycin, and a coryneform bacterium is transformed with this recombinant DNA. Then, the transformant strain can be cul- 
tured at a temperature at which the temperature sensitive replication origin does not function, and then cultured in a 
medium containing a corresponding drug to obtain a transformant strain in which the recombinant DNA is integrated 
into chromosomal DNA. 

so [0023] In such a strain in which a recombinant DNA is integrated into a chromosome as described above, recom- 
bination of the gluABCD gene sequence originally present on the chromosome has been caused, and two fusion genes 
of the chromosomal gluABCD gene and the deletion type gluABCD gene are inserted into the chromosome, between 
which the other parts of the recombinant DNA (the vector protion, temperature sensitive replication origin, and drug 
resistance marker) are present. Therefore, because the normal gluABCD gene is dominant in this state, the transform- 

55 ant strain expresses the L-glutamic acid uptake system. 

[0024] Tiien, in order to leave only the deletion type gluABCD gene on the chromosome DNA, one copy of the 
gluABCD gene is eliminated from the chromosome DNA together with the vector protion (including temperature sensi- 
tive replication origin and drug resistance marker) by recombination of the two gluABCD gene. Upon the recombination, 
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the normal gluABCD gene may be left on the chromosome DNA and the deletion type gluABCD gene may be excised, 
or the deletion type gluABCD gene may be left on the chromosome DNA and the normal gluABCD gene may be 
excised. In both of the cases, the excised DNA is retained on the plasmid in a cell when the cell is cultured at a temper- 
ature at which the temperature sensitive replication origin functions. Such DNA on the plasmid is eliminated from the 
5 cell when the cell is cultured at a temperature at which the temperature sensitive replication origin does not function. It 
can be confirmed which genes are left on the chromosome DNA by investigating the structure of the gluABCD gene on 
the chromosome by PCR, hybridization or the like. 

[0025] When such a gluABCD gene-disrupted strain produced as described above is cultured at a temperature at 
which the temperature sensitive replication origin functions (for example, low temperature), the gluABCD gene will be 

10 retained in its cell. When it is cultured at a temperature at which the temperature sensitive replication origin does not 
function (for example, elevated temperature), the gluABCD gene will be eliminated from the cell. 
[0026] Examples of the plasmid which has a temperature sensitive replication origin functioning in coryneform bac- 
terial cells include, pHS4, pHSC4, pHS22, pHSC22, pHS23, pHSC23 (as for these, see Japanese Patent Publication 
(Kokoku) No. 7-108228) and so forth. These temperature sensitive plasmids can autonomously replicate at a tempera- 

15 ture of about 1 0-32°C, but cannot autonomously replicate at a temperature of about 34°C or higher in a coryneform bac- 
terial cell. 

[0027] After the gluABCD gene on the chromosome are disrupted as described above, the genes-disrupted strain 
is preferably introduced wfth recA' because such introduction of recA' prevents the gluABCD gene on the plasmid from 
being integrated again into the chromosome again during culture at a low temperature. 

20 [0028] The coryneform bacterium used for the present invention may have enhanced activity of an enzyme for cat- 
alyzing the biosynthesis of L-glutamic acid in addition to the deletion or decrease of L-glutamic acid uptake system. 
Illustrative examples of the enzyme for catalyzing the biosynthesis of L-glutamic acid include glutamate dehydroge- 
nase, glutamine synthetase, glutamate synthase, isocitrate dehydrogenase, aconrtate hydratase, citrate synthase, 
pyruvate carboxylase, phosphoenolpyruvate carboxylase, phosphoenolpyruvate synthase, enolase, phosphoglycero- 

25 mutase, phosphoglycerate kinase, glyceraldehyde-3-phosphate dehydrogenase, triosephosphate isomerase, fructose 
bisphosphate aldolase, phosphofructokinase, glucose phosphate isomerase and the like. 

[0029] Further, in the coryneform bacterium used for the present invention, an enzyme that catalyzes a reaction for 
generating a compound other than L-glutamic acid by branching off from the biosynthetic pathway of L-glutamic acid 
may be decreased of or deleted. Illustrative examples of the enzyme which catalyzes a reaction for generating a com- 
30 pound other than L-glutamic acid by branching off from the biosynthetic pathway of L-glutamic acid include a-ketoglu- 
tarate dehydrogenase, isocitrate lyase, phosphate acetyrtransferase, acetate kinase, acetohydroximate synthase, 
acetolactate synthase, formate acetyrtransferase, lactate dehydrogenase, glutamate decarboxylase, 1-pyrroIine dehy- 
drogenase and the like. 

[0030] Furthermore, by introducing a thermosensrtive mutation for a biotin activity inhibiting substance such as sur- 

35 face active agents into a coryneform bacterium having L-glutamic acid-producing ability, the bacterium becomes to be 
able to produce L-glutamic acid in a medium containing an excessive amount of biotin in the absence of a biotin activity 
inhibiting substance (see WO96/06180). As such a coryneform bacterium, the Brevibacterium lactofermentum 
AJ 13029 strain disclosed in WO96/06180 can be mentioned. The AJ 13029 strain was deposited at the National Insti- 
tute of Bioscience and Human-Technology, Agency of Industrial Science and Technology on September 2, 1994, and 

40 received an accession number of FERM P- 14501. Then, its was transferred to an international deposition under the 
provisions of the Budapest Treaty on August 1 , 1995, and received an accession number of FERM BP-5189. 
[0031] When a coryneform bacterium having L-glutamic acid-producing ability, in which the L-glutamic acid uptake 
system is deleted or decreased, is cultured in a suitable medium, L-gfutamic acid is accumulated in the medium. 
Because of the deletion or decrease of L-glutamic acid uptake system in the coryneform bacterium used for the present 

45 invention, L-glutamic acid secreted from the cell is prevented from being taken up again into the cell. As a result, the 
accumulation amount of L-glutamic add in the medium is increased. According to the method of the present invention, 
improvement of interval yield (ratio of the accumulation amount of L-glutamic acid to the consumption of saccharides in 
a certain period of cultivation) can be expected when L-glutamic acid concentration in the medium becomes high. In 
particular, when a highly productive strain that shows a high L-glutamic add concentration in a medium during fermen- 

so tation is used, a marked effect can be obtained. 

[0032] The medium used for producing L-glutamic acid by utilizing the microorganism of the present invention is a 
usual medium that contains a carbon source, a nitrogen source, inorganic ions and other organic trace nutrients as 
required, As the carbon source, it is possible to use sugars such as glucose, lactose, galactose, fructose, starch hydro- 
lysate and molasses or the like; alcohols such as ethanol, inositol; or organic adds such as acetic add, fumaric acid, 

55 citric acid and succinic acid or the like. 

[0033] As the nitrogen source, there can be used inorganic ammonium salts such as ammonium sulfate, ammo- 
nium nitrate, ammonium chloride, ammonium phosphate and ammonium acetate, ammonia, organic nitrogen such as 
peptone, meat extract, yeast extract, corn steep liquor and soybean hydrolysates, ammonia gas, aqueous ammonia 
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and so forth. 

[0034] As the inorganic ions (or sources thereof), added is a small amount of potassium phosphate, magnesium 
sulfate, iron ions, manganese ions and so forth. As for the organic trace nutrients, it is desirable to add required sub- 
stances such as vitamin B1 , yeast extract and so forth in a suitable amount as required. 

[0035] The culture is preferably performed under an aerobic condition attained by shaking, stirring for aeration or 
the like for 16 to 72 hours. The culture temperature is controlled to be at 30°C to 45°C, and pH is controlled to be 5 to 
9 during the culture. For such adjustment of pH, inorganic or organic acidic or alkaline substances, ammonia gas and 
so forth can be used. 

[0036] Collection of L-glutamic acid from fermentation broth can be attained by, for example, methods utilizing ion 
exchange resin, crystallization and so forth. Specifically, L-glutamic acid can be adsorbed or isolated by an anion 
exchange resin, or crystallized by neutralization. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] 

Fig. 1 shows the scheme of construction of a piasmid pTAAD for disrupting gluABCD gene. 
Fig. 2 shows the scheme of construction of a piasmid pTAA for disruption of gluA. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] The present invention will be further specifically explained hereinafter with reference to the following exam- 
ples. 

{ 1 ) Construction of piasmid for disruption of gluABCD gene 

[0039] In order to create a gluABCD gene-disrupted strain of coryneform bacterium by homologous recombination 
using a temperature sensitive piasmid, a piasmid for disruption of the gluABCD gene was constructed. 
[0040] First, a deletion type gluABCD gene was constructed by cloning a gluD gene having a deletion of 5' 
sequence, and ligating it with a gluA gene having a deletion of 3' sequence. Specifically, a fragment of about 300 bp 
from a BamHl site present in gluD to a site about 270 bp downstream from gluD was amplified from chromosomal DNA 
of Brevibacterium lactofermentum ATCC1 3869, which was a wild-type strain of coryneform bacterium, by PGR utilizing 
oligonucleotides having the nucleotide sequences represented as SEQ ID NOS: 1 and 2 as primers. This amplified 
fragment was digested with BamHl and xbal and the obtained fragment was ligated to pHSG299 (produced by Takara 
Shuzo) digested with BamHl and Xba\ using T4 ligase (produced by Takara Shuzo) to obtain a piasmid pHSGAgluD. 
[0041] Then, a fragment of about 300 bp from a site about 180 bp upstream from gluA to the BamH\ site present 
in gluA was amplified from chromosomal DNA of Brevibacterium lactofermentum ATCC13869 by PCR utilizing oligonu- 
cleotides having the nucleotide sequences represented as SEQ ID NOS: 3 and 4 as primers. This amplified fragment 
was digested with EcoRI and BamHl, and the obtained fragment was ligated to pHSGAgluD digested with EcoRI and 
BamHl by using T4 ligase to obtain a piasmid pHSGAgluAD. This piasmid had a structure in which gluB and gluC were 
deleted, and parts of gluA and gluD were ligated. 

[0042] Then, in order to make pHSGAgluAD autonomously replicable in coryneform bacteria, a temperature sensi- 
tive replication origin derived form a piasmid autonomously replicable in coryneform bacteria was introduced into the 
unique HincU cleavage site in pHSGAgluAD. Specifically, the following procedure was used. 
[0043] A piasmid pHSC4 containing a temperature sensitive replication origin (see Japanese Patent Laid-open 
Publication (Kbkai) No. 5-7491) was digested with BamHl and Kpnl The both termini of the obtained DNA fragment 
was blunt-ended using Blunting Kit (produced by Takara Shuzo). ligated with a Kpn\ linker (produced by Takara Shuzo). 
and then allowed to cause self-ligation to obtain pKCT4. pHSC4 was a piasmid obtained as follows. That is, a DNA frag- 
ment containing a replication origin was excised from a piasmid pAJ1844 (see Japanese Patent Laid-open Publication 
(Kbkai) No. 58-216199). which had a replication origin derived from pHM1519 (K. Miwa et a/., Agric. Biol. Chem., 48, 
2901-2903 (1984), Japanese Patent Laid-open Publication (Kokai) No. 58-77895), and ligated to a piasmid for 
Escherichia col pHSG298, to obtain a shuttle vector pHK4. This pHK4 was treated with hydroxylamine to obtain a pias- 
mid pHS4 modified to be temperature sensitive. The temperature sensitive replication origin was excised from pHS4, 
and ligated to pHSG398 to obtain pHSC4. Escherichia coli AJ12571 harboring pHSC4 was deposited at the National 
Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology on October 1 1 , 1990, and 
received the accession number of FERM P-1 1763. Then, it was transferred to international deposit under the Budapest 
Treaty on August 26, 1 991 . and received the accession number of FERM BP-3524. 

[0044] - pKCT4 produced as described above had a structure where the replication origin derived from pHM1519 
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modified to be temperature sensitive was inserted into Kpnl site of pHSG399. A fragment containing a temperature sen- 
sitive replication origin was obtained by digesting pKCT4 with Kpnl blunt-ended by using Blunting Kit (produced by 
Takara Shuzo), and ligated to pHSGAgluAD digested with Hindi to obtain pTAAD (Fig. 1). 

5 < 2 > Construction of plasmid for disruption of gluA gene 

[0045] In order to create a coryneform bacterium in which only the gluA gene was disrupted, a plasmid for disrup- 
tion of the gluA gene was constructed. 

[0046] A DNA fragment of about 1 500 bp containing the gluA gene was amplified from chromosomal DNA of Brevi- 
10 bacterium lactofermentum ATCC13869 by PCR utilizing oligonucleotides having the nucleotide sequences shown as 
SEQ ID NOS: 3 and 5 as primers, and the amplified fragment was digested with EcoRI, and ligated to pHSG299 (pro- 
duced by Takara Shuzo) digested with EcoRI by using T4 ligase (produced by Takara Shuzo) to obtain a plasmid pHS- 
GgluA. 

[0047] Then, the 5' region and the 3' region of the giuA gene and the vector segment, except for the internal region 
is of the gluA gene, were amplified by PCR utilizing oligonucleotides having the nucleotide sequences shown as SEQ ID 
NOS: 6 and 7 as primers, and pHSGgluA as a template. The aforementioned primers were designed so that it should 
contain a Bgill recognition sequence. The amplified fragment was digested with Bgill and allowed to cause self -ligation 
in the presence of T4 ligase to obtain a plasmid pHSGAgluA. This plasmid contained deletion of about 250 bp of internal 
sequence among the about 730 bp open reading frame of gluA, and had a structure where the 5' region and the 3* 
20 region were ligated in-frame. 

[0048] Then, in order to make pHSGAgluA autonomously replicable in coryneform bacteria, a temperature sensi- 
tive replication origin derived from a plasmid autonomously replicable in coryneform bacteria was introduced into the 
unique Kpn\ cleavage site in pHSGAgluA. Specifically, pKCT4 was digested with Kpnl to obtain a DNA fragment con- 
taining a replication origin, and the obtained fragment was inserted into Kpnl site of pHSGAgluA to obtain pTAA (Fig. 2). 

25 

< 3 ) Creation of gluABCD gene<Jisrupted strain and gluA gene-disrupted strain 

[0049] The plasmids for disrupting genes obtained as described above, pTAAD and pTAA, were introduced into a 
wild-type strain, Brevibacterium lactofermentum ATCC13869 strain, by using the electric pulse method to obtain 

30 ATCC1 3869/pTAAD and ATCC1 3869/pTAA. Gene disruption was performed by using these transformant strains. 
[0050] Specifically. ATCC1 3869/pTAAD and ATCC1 3869/pTAA were cultured at 25°C in CM2B broth for 24 hours 
with shaking, and inoculated to CM2B medium containing 25 ug/mi of kanamycin. Strains into which the plasmids were 
introduced were obtained as strains that formed colonies at 34°C, at which temperature the temperature sensitive rep- 
lication origin did not function. Then, the strains that became sensitive to kanamycin at 34°C were obtained by the rep- 

35 lica method. Chromosome DNA of these sensitive strains was obtained in a conventional manner. The structures of the 
gluABCD gene and the gluA gene on the chromosome was examined by PCR and sequencing to confirm that these 
genes should be replaced with those of the deletion type, and the strains containing the deletion type genes were des- 
ignated as AAD strain and AA strain, respectively. 

[0051 ] The AAD strain and the AA strain were given with private numbers of AJ1 3587 and AJ1 3588, respectively, 
40 and deposited at the National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Tech- 
nology (postal code: 305-8566, 1-3 Higashi 1-chome. Tsukuba-shi, Ibaraki-ken, Japan) on March 23, 1999, and 
received accession numbers of FERM P-17327 and FERM P-17328, respectively, and then, transferred from the origi- 
nal deposit to international deposit based on Budapest Treaty on February 14, 2000, and have been deposited as 
deposit numbers of FERM BP-7028 and FERM BP-7029, respectively. 

45 

{ 4) Evaluation of L-glutamic acid-producing ability of strains AAD and AA 

[0052] Culture of the strains ATCC1 3869, AAD and AA for the production of L-glutamic acid was performed as fol- 
lows. These strains that had been refreshed by culture in a CM2B plate medium were cultured in two kinds of mediums. 

50 a medium containing 80 g of glucose. 1 g of KH 2 P0 4 . 0.4 g of MgS0 4 -7H 2 0, 30 g of (NH 4 ) 2 S0 4 , 0.01 g of 
FeS0 4 • 7H 2 0, 0.01 g of MnS0 4 • 7H 2 0, 15 ml of soybean hydrolysate solution, 200 ug of thiamin hydrochloride, 3 ug 
of biotin. and 50 g of CaC0 3 in 1 L of deionized water (prepared at pH 8.0 by using KOH), and a medium further con- 
taining 50 g/L of L-glutamic acid in the foregoing medium, at 31 .5°C. After the cultivation, the amounts of accumulated 
L-glutamic acid in the mediums, and absorbance at 620 nm of the mediums diluted 51 times were measured. The 

55 results obtained for the medium with no addition of L-glutamic acid were shown in Table 1. The results obtained for the 
medium added with L-glutamic acid were shown in Table 2. 
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Table 1 



Strain 


OD 620 


L-glutamic acid (g/L) 


Yield (%) 


ATCC 13869 


0.937 


40.8 


50.4 


AAD 


1.127 


36.3 


44.9 


AA 


0.766 


44.3 


54.8 



Table 2 



Strain 


ODeao 


L- glutamic acid (g/L)* 


Yield (%) 


ATCC 13869 


0.845 


29.5 


43.9 


AAD 


0.927 


30.0 


44.6 


AA 


0.749 


32.0 


47.6 



* The amounts do not include the L-glutamic acid added to the 
medium. 



[0053] These results show that the accumulation amount and yield of L-glutamic acid were improved for both of the 
AA strain and the AAD strain when the medium contained L-glutamic acid at a high concentration. Further, the yield of 
L-glutamic acid was improved by the AA strain even in the medium not containing L-glutamic acid. 
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SEQUENCE LISTING 

<110> Ajinomoto Co., Inc. 

<120> Method for Producing L-Glutamic Acid 

<130> 0P948 

<141> 2000-03-2 V 

<150> JP 11-81693 
<151> 1999-03-25 

<160> 7 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :priner for 
PCR 

gactggcagg atcctgatta taagg 

<400> 2 
<210> 1 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :priner for 
PCR 

<400> 2 

cgcgtctaga ggcgcttgag caaatcgacc 
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<210> 3 
<2ll> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for 
PCR 

<400> 3 

aggtgaattc cggacaggat cggagactac 

<210> 4 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:primer for 
PCR 

<400> 4 

ttgacttgcc ggatccggat ggtcc 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-primer for 
PCR 

<400> 5 

tcatgaattc ctcaccgttt tgaatgaggg 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: primer for 
PCR 

<400> 6 

gatgagatct cgttccaaca ggctcatcgc 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rprinter for 
PCR 

<400> 7 

aagcagatct tcgtgtgttg ttcatggcgg 



Claims 

1. A method for producing L-glutamic acid, comprising the steps of culturing a coryneform bacterium which has L- 
glutamic acid-producing ability in a medium to produce and accumulate L-glutamic acid in the medium, and collect- 
ing the L-glutamic acid from the medium, wherein an L-glutamic acid uptake system is deleted or decreased in the 
coryneform bacterium. 

2. The method according to claim 1 , wherein the L-glutamic acid uptake system is encoded by the glUABCD operon. 

3. The method according to claim 2, wherein at least one of expression products of the gluABCD operon is deleted in 
the coryneform bacterium. 

4. The method according to claim 3, wherein at least gluA is deleted in the coryneform bacterium. 

5. The method according to claim 4, wherein all of gluA, gluB, gluC and gluD are deleted in the coryneform bacte- 
rium. 
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(57) Abstract 

The taventkm pertains to a process for the microbial production of amino adds. The process in question involve* boosting the export 
carrier activity and/or export gene expression of a micro-organism which produces the desired amino acid. According to the invention, it 
was found that a single specific gene is responsible for the export of a given amino add, and an that basis a process for the microbial 
production of amino acids, involving the controlled boosting of the export gene expression and/or expert carrier activity of a micro-organism 
which produces the amino acid in question, has been developed for the first time. The boosted expression or activity of the export carrier 
resulting from this process increases the secretion rate and thus increases transport of the desired amino acid. 
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PROCESS FOR THE MICROBIAL PRODUCTION OF AMINO ACIDS 
BY BOOSTED ACTIVITY OF EXPORT CARRIERS 

The invention relates to a process for the microbial pro- 
duction of amino acids according to claims 1 to 20, export 
genes according to claims 21 to 26, regulator genes according 
to claims 29 and 30, vectors according to claims 31 to 33, 
transformed cells according to claims 34 to 40, membrane pro- 
teins according to claims 41 and 42 and uses according to claim 
43 and 48. 

Amino acids are of high economical interest and there are 
many applications for the amino acids: for example, L-lysine as 
well as L-threonine and L-tryptophan are needed as feed addi- 
tives, L-glutamate as seasoning additive, L-isoleucine, and L- 
tryosine in the pharmaceutical industry, L-arginine and L- 
isoleucine as medicine or L-glutamate and L-phenylalanine as a 
starting substance for the synthesis of fine chemicals. 

A preferred method for the manufacture of these different 
amino acids is the biotechnological manufacture by means of mi- 
croorganisms; since, in this way, the biologically effective 
and optically active form of the respective amino acid is di- 
rectly obtained and simple and inexpensive raw materials can be 
used. . As microorganisms, for example, Carynebacterium glu- 
tamicum and its relatives ssp. flavum and ssp lactofermentum 
(Liebi et al; Int. J-System Bacterid (1991) 41:255-260) as 
well as Escherichia coli and related bacteria can be used. 

However, these bacteria produce . the amino acids only in 
the amounts needed for their growth such that no excess amino 
acids are generated and are available. The reason for this is 
that in the cell the biosynthesis of the amino acids is con- 



trolled in various ways. As a result, different methods of in- 
creasing the formation of products by overcoming the control 
mechanisms are already known. In these processes, for example, 
amino acid analogs are utilized to render the control of the 
biosynthesis ineffective. A method is described, for example, 
wherein Coarynebacterium strains are used which are resistant 
to L- tyrosine and L-phenylalanine analogs (JP 19037/1976 and 
39517/1978) . Also methods have been described in which bacte- 
ria resistant to L-lysine and also to ^threonine analogs are 
used in order to overcome the control mechanisms (EP 0 205 849 
Bl, UK patent application GB 2 152 509 A) . 

Furthermore, microorganisms constructed by recombinant DNA 
techniques are known wherein the control of the biosynthesis 
has also been eliminated by cloning and expressing the genes 
which code for the key enzymes which cannot be feed-back inhib- 
ited any more. For example, a recombinant L-lysinee producing 
bacterium with plasmid-coded feedback-resistant aspartate 
kinase is known (EP 0381527). Also, a recombinant I- 
phenylalanine producing bacterium with feedback resistant pre- 
phenate dehyrodgenase has been described UP 124375/1986; EP 0 
488 424). In addition, increased amino acid yields have been 
obtained by overexpression of genes which do not code for feed- 
back-sensitive enzymes of the amino acids synthesis. For exam- 
ple, the lysine formation is improved by increased synthesis of 
the dihydrodipicolinate synthase (EP 0 197 335). Also, the 
threonine formation is improved by increased synthesis of 
threonine dehydratase (EP 0 436 886 M) . 

Further experiments for increasing the amino acid produc- 
tion aim at an improved generation of the cellular primary me- 
tabolites of the central metabolism. In this connection, it is 
known that the overexpression of the transketolase achieved by 
recombinant techniques improve the product generation of L- 
tryptophan, L- tyrosine or L-phenalanine [EP 0 600 463 A2) . 
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Furthermore, the reduction of the phosphenol pyruvate carboxy- 
lase activity in Carynebacterium provides for an improvement in 
the generation of aromatic amino acids (EP 0 331 145) . 

All these attempts to increase the productivity have the 
aim to overcome the limitation of the cytosolic synthesis of 
the amino acids. However, as a further limitation basically 
also the export of the amino acids formed in the interior of a 
cell into the culture medium should be taken into considera- 
tion. As a result, it has been tried to improve this export 
and, consequently, the efficiency of the amino acid production. 
For example, the cell permeability of the Carynebacterium has 
been increased by biotin deficiency, detergence or penicillin 
treatment. However, these treatments were effective exclu- 
sively in the production of glutamate, whereas the synthesis of 
other amino acids could not be improved in this manner. Also, 
bacteria strains have been developed in which the activity of 
the secretion system is increased by chemical or physical muta- 
tions. In this way, for example, a Corynebacterium glutamicum 
strain has been obtained which has an improved secretion activ- 
ity and is therefore especially suitable for the L-Lysine pro- 
duction. (DE 02 03 320) . 

Altogether, the attempts to increase the secretion of 
amino- acids formed within the cell have all in common that an 
increase efflux of amino acids on the basis of the selected 
non-directed and non-specific methods could be achieved only 
accidentally. 

Solely in the German patent application No. 195 23 279.8- 
41, a process is described which provides for a well-defined 
increase of the secretion of amino acids formed internally in a 
cell by increasing the expression of genes coding for the im- 
port of amino acids ♦ The understanding on which this process 
was based, that is, the cell utilizes - import proteins for the 
export of amino acids as well as the fact that by nature micro- 
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organisms do not generate and release excess amino acids lets 
one assume that export genes or proteins specific for the amino 
acid transport do not exist, but that the amino acids are ex- 
creted by way of other export systems. 

The export systems known so far export poisonous metal 
ions, toxic antibiotica and higher molecular toxins. These ex- 
port systems are relatively complex in their structure. Gener- 
ally, membrane proteins of the cytoplasmic membrane are in- 
volved which however cause only a partial reaction of the ex- 
port so that presumably additional extra cytoplasmic support 
proteins are needed for the transport (Dink, T. et al., A fam- 
ily of large molecules across the outer membranes of gram- 
negative bacteria., J. Bacteriol. 1994, 176: 3825-3831). Fur- 
thermore, it is known that, with the sec-dependent export sys- 
tem for extra-cellular proteins, at least six different protein 
components are essential for the export. This state-of-the-art 
suggests that also the systems, which are responsible for the 
export of amino acids, but which are not known so far comprise 
several protein components or respectively, several genes are 
responsible for the export of amino acids. A hint in this di- 
rection could be the various mutants which are defective in the 
lysine export as described by Vrylic et al.,(J. Bacteriol 
(1995) 177:4021-4027), 

It has now been found surprisingly that only a single spe-' 
cific gene is responsible for the export of amino acids so 
that, in accordance with the invention, for the first time a 
method for the microbial manufacture of amino acids is provided 
wherein clearly the export gene expression and/or the export 
carrier activity of a microorganism producing amino acids is 
increased. The increased export expression or respectively, 
activity of the export carrier resulting from this process 
leads to an increased secretion rate so that the export of the 
respective amino acid is increased. The microorganisms so 
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modified also accumulate an increased part of the respective 
amino acid in the culture medium. 

For an increase in the export carrier activity especially 
the endogenic activity of an amino acid producing microorganism 
is increased. An increase of the enzyme activity can be ob- 
tained for example by an increased substrate consumption 
achieved by changing the catalytic center or by eliminating the 
effects of enzyme inhibitors. An increased enzyme activity can 
also be caused by an increased enzyme synthesis for example by 
gene amplification or by eliminating factors which inhibit the 
enzyme biosynthesis.. The endogene export activity is increased 
preferably by mutation of the endogenic export gene. Such mu- 
tations can be generated either in an uncontrolled manner in 
accordance with classic methods as for example by UV irradia- 
tion or by mutation causing chemicals or in a controlled manner 
by gene- technological methods such as deletion (s) insertion (s) 
and/or nucleotide exchange (s). 

The export gene expression is increased by increasing the 
number of gene copies and/or by increasing regulatory factors 
which positively affect the export gene expression. For exam- 
ple, a strengthening of regulatory elements takes place pref- 
erably on the transcription level by increasing particularly 
the transcription signals. This can be accomplished for exam- 
ple in that, by changing the promoter sequence arranged before 
the structure gene, the effectiveness of the promoter is in- 
creased, or by completely replacing the promoter by more effec- 
tive promoters. An amplification of the transcription can also 
be achieved by accordingly influencing a regulator gene as- 
signed to the export gene as will be explained further below. 
On the other hand, an amplification of the translation is also 
possible, for example, by improving the stability of the m-RNA, 
To increase the number of gene copies the export gene is 
installed in a gene construct or, respectively, in a vector, 
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preferably, a vector with a small number of copies. The gene 
construct includes regulatory gene sequences, which are spe- 
cifically assigned to the export gene, preferably such se- 
quences which reinforce the gene expression. The regulatory 
gene sequences comprise a nucleotide sequence which codes for 
the amino acid sequence given in table 1 or the allele varia- 
tions thereof or respectively, a nucleotide sequence 954 to 62 
according to table 2 or a DNA sequence which is effective es- 
sentially in the same manner. 

Allele variations or, respectively, equally effective DNA 
sequences comprise particularly functional derivatives which 
can be obtained by deletion is) insertion (s) and/or substitu- 
tion (s) of nucleotides of corresponding sequences, wherein how- 
ever the regulator protein activity or function is retained or 
even increased. In this way, the effectiveness of the interac- 
tion of the regulatory protein to the DNA of the export gene to 
be regulated can be influenced by mutating the regulatory gene 
sequence such that the transcription is strengthened and, con- 
sequently, the gene expression is increased. In addition, also 
so-called enhancers may be assigned to the export gene as regu- 
latory sequences whereby, via an improved correlation between 
RNA polymerase and DNA, also the export gene expression is in- 
creased* 

For the insertion of the export gene into a gene con- 
struct, the gene is preferably isolated from a microorganism 
strain of the type Corynebacterium and, with the gene construct 
including the export gene, a microorganism strain, especially 
Corynebacterium, producing the respective amino acid is trans- 
formed. The isolation and transformation of the respective 
transport gene occurs according to the usual methods. If a 
transport gene is isolated and cloned from Corynebacterium then 
for example, the method of homologuous complementation of an 
export defective mutant is suitable (J. Bacterid. (1995)177: 
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4021-4027) . If a direct cloning of the structure gene is not 
possible vector sequences may first be inserted into the trans- 
port gene whereupon it is isolated by way of ^plasmid rescue" 
in the form of inactive fragments. For the process according 
to the invention genes from the C. glutamicum ATCC 13032 or C. 
glutamicum ssp. flavum 14067 or also, C. glutamicum ssp. lacto 
fermentum ATCC 13869 are particularly suitable. The isolation 
of the genes and their in-vitro recombination with known vec- 
tors (Appl. Env. Microbial (1989)55: 684-688; Gene 102(1991)93- 
98) is followed by the transformation into the amino acid pro- 
ducing strains by electropo ration (Liebl et al. (1989) FEMS Mi- 
crobiol Lett. 65; 299-304) or P conjugation (Schafer et al. 
(1990) J. Bacteriol. 172:1663-1666). For the transfer, pref- 
erably vectors with low numbers of copies are used. As host 
cells, preferably such amino acid producers are used which are 
deregulated in the synthesis of the respective amino acids 
and/or which have an increased availability of central metabo- 
lism metabolites. 

After isolation, export genes with nucleotide sequences 
can be obtained which code for the amino acid sequences given 
in table 3 or for their allele variations or, respectively, 
which include the nucleotide sequence of 1016 to 1725 according 
to table 2 or a DNA sequence which is effective essentially in 
the same way. Also here, allele variations or equally effec- 
tive DNA sequences include particularly functional derivatives 
in the. sense indicated above for the regulatory sequences. 
These export genes are preferably used in the process according 
to the invention. 

One or several DNA sequences can be connected to the ex- 
port gene with or without attached promoter or respectively, 
with or without associated regulator gene, so that the gene is 
included in a gene structure. 

By cloning of export genes, plasmids or, respectively, 
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vectors can be obtained which contain the export gene and 
which, as already mentioned/ are suitable for the transforma- 
tion of an amino acid producer. The cells obtained by trans- 
formation which are mainly transformed cells from Corynebacte- 
rium, contain the gene in reproducible form, that is, with ad- 
ditional copies on the chromosome wherein the gene copies are 
integrated at any point of the genome by homologous recombina- 
tion and/or on a plasmid or respectively, vector, 

A multitude of sequences is known which code for membrane 
proteins of unknown function. By providing in accordance with 
the invention export genes such as the export gene with the nu- 
cleotide sequence of nucleotide 10165 to 1725 in accordance 
with table 2 or respectively, the corresponding export proteins 
for example that with the amino acid sequence according to ta- 
ble 1, it is now possible to identify by sequence comparison 
membrane proteins, whose function is the transport of amino ac- 
ids. The export gene identified in this way can subsequently 
be used to improve the amino acid production in accordance with 
the process of the invention. 

The membrane proteins known from the state-of-the-art 
generally include 12, some also only 4 transmembrane helices. 
However, it has now been found surprisingly that the membrane 
proteins responsible or suitable for the export of amino acids 
include 6 transmembrane helices (see for example, the amino 
acid sequence of an export protein listed in the table 3, 
wherein the 6 transmembrane areas have been highlighted by un- 
derlining) . Consequently, there is a new class of membrane 
proteins present which. has not yet been described. 
Examples : 

a) Cloning of an export gene and cloning of a regulator of 
Corynebacterium glutamicum. 

Chromosomal DNA from C. glutamicum R127 (FEMS Microbiol 
lett. (1989) 65:299-304) was isolated as described by Scharzer 
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et al. (Bio/Technology (1990) 9:84-87). The DNA was then split 
with the restriction enzyme Sau3A and separated by saccharose 
gradient centrifugation as described in Sambrook et al. 
(Molecular cloning, A laboratory manual (1989) Cold Spring Har- 
bour Laboratory Press) . The various fractions were analyzed 
gel electrophoretically with respect to their size and the 
fraction with a fragment size of about 6 - lOkb was used for 
the ligation with the vector pJCl. In addition, the vector 
pJCl was linearized with BamHI and dephosphorylized. Five ng 
thereof was ligated with 20ng of the chromosomal 6-10 kb frag- 
ments. With the whole ligation preparation, the export defec- 
tive mutant NA8 (J. Bacterol. (1995)177:4021-4027) was trans- 
formed by electroporation (FEMS Microbiol Lett (1989) 65:299 - 
304). The transformants were selected for LBHIS(PEMS Micro- 
biol. Lett. (1989) 65:299-304) with 15ug kanamycin per ml. 
These transformants were subjected to extensive plasmid analy- 
ses in that 200 of the altogether 4 500 clones obtained were in- 
dividually cultivated and their plasmid content and* size was 
determined. On average, about half of the kanamycin-resistant 
clones carried a recombinant plasmid with an insert of the av- 
erage size of 8kb. This provides for a probability of 0.96 for 
the presence of any gene of C. glutarnicum in the established 
gene bank. The 4500 obtained transformants were all individu- 
ally checked for renewed presence of lysinee secretion. For 
this purpose, the system described by Vrljic for the induction 
of the L-lysinee excretion in Corynebacterium glutarnicum was 
utilized (J. Bacterid (1995) 177:4021-4027). For this pur- 
pose, so-called minimal-medium-indicator plates were prepared, 
which contained per liter 20g (NH 4 ) 2 SO<, 5g uric acid, Ig KH 2 P0 4 , 
1 g K2HPO4, 0.25g MgS0«x7H 2 O, 42 g morpholino propane sulfonic 
acid, 1ml CaCl 2 (lg/100ml), 750 ml dest., 1 ml Cg trace salts, 1 
ml biotin (20ug/1001), pH7, 4% glucose, 1.8mg protocatechuic 
acid, 1 mg FeS0« x 7 H 2 0, 1 mg MnSO* x H 2 0, 0.1 mg ZnSO« x 7&0, 



0.02mg CuSO«, 0.002mg NiCl 2 x 6H 2 0, 20 g agar-agar, as well as 
10 7 cells/ml of the lysine-auxotrophene C. glutamicum mutant 
49/3 ♦ The original 4500 transformants were all individually 
pinned, by toothpicks onto the indicator plates with, in each 
case, a check of the original non-excretor NAB (J. Bacterid 
(1995) 177: 4021-4027 J and the original strain R127. At the same 
time, always 2 plates were inoculated of which only one con- 
tained additionally 5mM J>methionine in order to induce the ly- 
sine excretion in this way. The indicator plates were incu- 
bated at 30°C and examined after 15, 24 and 48 hours. In this 
way, altogether 29 clones were obtained which showed on the in- 
dicator plate provided with methionine a growth court by the 
indicator strain 49/3. The clones were examined individually 
and then again as described above, for reestablishment of the 
growth court. In this way, the two clones NAB pMV8-5-24 and 
NA8 pMV6-3 were obtained which had again received the capabil- 
ity to excrete lysine. 

From these clones, plasmid preparations were performed as 
described in Schwarzer et al. (Bio/Technology (1990)9; 84-87). 
By ret rans formation in NA8, the plasmid- connected effect of the 
excretion of L-lysine was confirmed. Both plasmids were sub- 
jected to a restriction analysis. Plasmid pMVB-5-24 carries an 
insert of 8.3 kb, and pMV6-3 one of 9.5 kb. The physical char- 
ter of the inserts is shown in Fig. 1. 

b> Subcloning of an DNA fragment which reconstitutes the 
lysine export. t 

From the insert of the plasmid pMV6-3 individual subclones 
were prepared utilizing the restriction severing point as de- 
termined. In this way, the 3.7 kb XhoI-Sall-f ragment, the 2.3 
kb BamHI- fragment and the 7.2 kb BamHI fragment were ligated 
with the correspondingly severed and treated vector pJCl (Mol 
Gen. Genet. (1990)220: 478-480). With the ligation products C. 
glutamicum NA8 was directly transformed, the transformants were 
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tested for having the lysine excretion properties and the pres- 
ence of the subclone was confirmed by plasmid preparation and 
restriction analysis. In this way, the strain with plasmid 
pMV2-3 (Fig. 1) was obtained as smallest subclone. This frag- 
ment resulting in lysine export contains as insert the 2.3kb 
Bam fragment from pMV6-3. 

c) Sequence of the lysine export gene lys E and its regu- 
lators lysG. 

The nucleotide sequence of the 2.3kb BamHl fragment was 
performed according to the dideoxy-chain termination method of 
Sanger et al. <Proc. Natl. Acad. Sci USA(1977) 74:5463-5467) 
and the sequencing reaction with the Auto Read Sequencing kit 
from Pharamcia (Uppsala, Sweden) . The electrophoretic analysis 
occurs with the automatic laser- fluorescence DNA sequencing ap- 
paratus (A.L.F) from Pharmacia-LKB(Piscataway, NJ, USA). The 
nucleotide sequence obtained was analyzed by the program packet 
HUSAR (Release 3.0) of the German Cancer Research Center 
(Heidelberg) . The nucleotide sequence and the result of the 
analysis is presented in Fig. 2. The analysis results in two 
fully open reading frames (ORF) on the sequenced DNA piece. 
ORF1 codes for a protein with a length of 236 amino acids, 0FR2 
codes for a protein with a length of 290 amino acids. The pro- 
tein derived from 0RF1 includes an accumulation of hydrophobic 
amino acids as they are characteristic for membrane- embedded 
proteins. The detailed analysis of the distribution of the hy- 
drophobic and hydrophilic amino acids by ( the programs PHD. HTM 
(Protein Science (1995) 4:521-533) is shown in table 3. It is 
apparent therefrom that the protein contains six hydrophobic 
helix areas which extend through the membrane. Consequently, 
this protein is the searched for exporter of the amino acid L- 
lysine. The corresponding gene will therefore be designated 
below as lysE. In table 2, it is marked accordingly. ORF2 is 
transcribed in a direction opposite to 0RF1. The sequence 
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analysis shows that 0RF2 has a high identity with regulator 
genes which are combined as a single family {Ann Rev Micro- 
biol (1993) 597-626). Genes of this family regulate the expres- 
sion processes of the various genes involved in cataholic or 
anabolic processes in a positive way. For this reason, 0RF2 
will below be designated as lysG (Govern-regulating) . Because 
of the coordination and because lysE could be cloned (see a)) 
and subcloned (see b) ) together with lysG, lysG is regulator of 
lysE and consequently also participates in the lysine export. 
The gene lysG and the amino acid sequence derived therefrom are 
also shown in table 2 and, respectively, table 1, 

d) Identification of an unknown membrane protein from Es- 
cherichia coli by sequence comparison* 

With the established sequences according to table 3 al- 
ready existing sequence banks can be searched in order to as- 
sign the proteins derived in this way from sequenced areas a 
certain function. Correspondingly, the amino acid sequence of 
the lysine exporters consisting of C. glutamicum were compared 
with derivated protein sequences of all the DNA sequences de- 
posited there utilizing the program packet HUSAR (Release 3.0) 
of the German Cancer Research Center (Heidelberg) . A high ho- 
mology of 39*3% identical amino acids and 64.9% similar amino 
acids was found to a single sequence of so far unknown function 
of E.coli. 

The comparison is shown in Fig. 2. The open read frame of 
E . coli so far not characterized is consequently identified by 
way of this process as an amino export gene. 

e) Increased export of intracellularly accumulated h- 
lysine. 

The strain C* glutamicum NA8 (J. Bacteriol (1995) 17*?: 
4021-4027 was transformed with plasmid pMV2-3 and the L-lysine 
excretion of the strains was compared. For this purpose, NA8 
and NA8pMV2-3 in complex medium were utilized as described in 
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Vrljic et al. (J. BacterioX (1995) 177:4021-40277) and the fer- 
mentation medium CGXII (Bacterid (1993)175:5595-5603 were each 
separately inoculated. The medium additionally contained 5mM 
L-methionin in order to induce the intracellular L-lysine bio- 
synthesis. After cultivation for 24 hours at 30°C on a rotary 
vibrator at 140 rpm, the cell internal and external L-lysine 
determinations were performed. For the cell-internal determi- 
nation silicon oil centrifugations were performed (Methods En- 
zymology LV(1979) 547-567}; the determination of the amino ac- 
ids occurred by high pressure liquid chromatography (J. Chromat 
(1983) 266:471-482). These determinations were performed at 
different times as indicated in Fig. 3. In accordance with the 
process used the retained cell internal L-lysine is excreted 
also by pMV2-3 to a greater degree and is accumulated. Accord- 
ingly, also the cell internally present L-lysine is greatly re- 
duced- Consequently, the utilization of the newly discovered 
and described exporter represents a process for greatly improv- 
ing the L-lysine production. 

f) Increased accumulation of L-lysine by lysE or LysEG. 
From the subclone pMV2-3 which contains the sequenced 
2374bp Bam Hi-fragment in pJCI (see figure 1), the lysE carry- 
ing 1173 bpPvuII fragment was li gated in pZl (Appl. En v. Micro- 
biol (1989) 55: 6B4-688) according to the sequence information and 
in this way, the plasmid plysE was obtained. This plasmid as 
well as the lysE lysG carrying plasmid pMV2-3 was introduced 
into C. glutamicum strain d by electroporation wherein the 
chromosomal areas were deleted. The obtained strains C. glu- 
tamicum d pMV2-3, C. glutamicum d plysE> C. glutamicum pJCI 
were, as described under e) precultivated on a complex medium, 
then cultivated in production minimal medium CGxll together 
with 4% glucose and 5mM 1-iaethionin and samples were taken to 
determine the accumulated lysine. As apparent from Fig. 4 with 
lysE lysG an increase of the lysine accumulation with respect 
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to a control sample is achieved. With plysE an extraordinarily 
increased accumulation of from 4.8 to 13.2 mM L-lysine is 
achieved with this method. 



LEGENDS OF THE TABLES AND FIGURES 
Table 1: The amino acid sequence of the lysine exporter 
regulator from Corynebacterium glutamicum with the heiix-tura- 
helix motive typical for DNA-binding proteins. 

Table 2 (three pages): The nucleotide sequence of C. glu- 
tamicum coding for the lysine exporter and lysine export regu- 
lators. 

Table 3: the amino acid sequence of the lysine exporter 
from Corynebacterium glutamicum with the identified transmem- 
brane helices TMH1 to TMH6. 

Figure 1: the fragments in pMV6-3 and pMV8-5-24 obtained 
by the cloning which cause the lysine secretion and the sub- 
clone pMV2-3 made from pMV6-3, which also causes the lysine se- 
cretion and which was sequenced. BiBamHl; Sm, Smal; Se, Sacl; 
SI, Sal 1,11, Hindll; X, Xhol. 

Figure 2: Comparison of the derivated amino acid sequence 
of LysE from C. glutamicum (above) , with a gene product of so 
far unknown function from Escherichi coli (below), which is 
identified thereby as. export carrier. 

Fig. 3i Increased lysine export by • pHV2-3 with C. glu- 
tamicum NA8. On top, the control with low excretion and cell- 
internal backup of lysine up to about 150mM. Below, the high 
secretion caused by pMV2-3 with cell internally only small 
backup of about 30mM. 

Figure 4: the increase of the lysine accumulation in C. 
glutamicum by lys E lys G(pMV2-3) (middle curve), and the accu- 
mulation caused by lysE(plysE) (upper curve). 
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EDITORIAL NOTE 



No: 19218/97 



The following five pages are unnumbered 
(Table 1 to Table 3) 
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RCGS 960 
< LysG 

CTrCGACGGAAGTACTTACTAACTCTCCnTrCACAGGTC^^ 5 ' 

FSGBDIISLLTDLO I P N M 

BBS 1020 

ATATTAAACOITGTTAAGAACCAATCATTTT^^ 

U V 
LyaE — > 

. 10BO 

GATCATGGAAATCTTCATTACAGGTCTGCT^ 
IMEIFITGLLLGAS LLLSIG 

• 1140 

ACCGCAGAAT GTACTGGTGATTAAACAAGGAATTAAGCGCGAAGGACTCATTGCGGTTCT 
PQNVLVIKQGIKRB GL I A V I. 

. 1200 

TCTCGTGTGTTTAATTT CTGACGTCTTTTTGTTCATCGCCGGCACCT TGGGCGTT GATCT 
LVCLISDVrLFIAG TLGVDL 

- 1260 

mGTCOttrGCCGCGCCGATCCTGCTCGM^^ 
LSH AAPIVLDIMRWGG1AYL 

• 1320 

GTTATGGTT^CGTCATGGCAGCGAAAGACGCCATGAaA^ 
LWPAVMAAKDAKTK K V B A P Q 

. 13B0 

GATCATTGAACAAACAGAACCAACCGTGCCCGAT^ 
IIEETBPTVPDDTP LGGSAV 
»»»> > < «<«« 

. 1440 

GGCCACTGACACGCGCAACCGGGTGCGGGTGGAGGTGAGCGTCGATAAG^ 
ATDTRHRVRVEVSVDKQRVW 

. 1S0O 

GGTAAACCCCAT GTT [^TGGCAATCGT(!^GACCTGGTTGAACCCGAATGCGTArTTGGA 
VKPHiHAlVLTWLN P N A Y L D 

. 1560 

CGCGTTTGTGTTTATCGGCGGCGTCGGCGCGCAATACGGCGACACCGGACGGT GGAXTTT 
AF VriGGVGAQYGD TGRWIF 

• 1620 

CGCCGCTGGCGCGT TCGCGGCAAGCCTGATC TGGTTCCCGCT GGTGGGT rTCGGCGCAGC 
AAGAFAASLIWrPLVGF GAA 

• 1680 

agcattgtcacgcccgctgtccagccccj^aggtgtggcgctggatcaacgtcgtcgtggc 
Tl srplsspkvwrwinvvva 



. . . . H40 

»»»> <««« / orf3 

- N E R T K 

5 ' CTACTGGCGTAACCGGTAGTTTGACTACAACTA^ 

AGTTGTGAT(^CG<^TTG<KCATCAAACT^^ S' 
VVMTALAI KLKLMG - 

i<t*b y >»» 

• 1800 

CCTTAGCCACCGGAAGCGGGTTTACAACTACGGCCGCA^ 

5 DTAKAWI H I G A D H 5 I ED IA 
<«« 

. 1860 

GAGGTTGAGCCGCAGTCrrTIt»G^^ 

ELEADSFELUNLSDLSKDLQ 

- 1920 

GAGTTGACTGCTTCGTGGTrAGTTACGTG^^ 

S V 3 SAGI LAS TV TDAGYEGQ 

GAGCGCGTCGTG^TACGTTCGCGGTAfiACGCOTCAC 

ERLVWALAMQAL SQGREQ A I 

■ 2040 

CAGTAACTOGAACGCCTGGTATAGTTAIAACA^^ 

DNLKRVMDI NNVNLMGBSLS 

• 2100 

GAATGGGACCCaCCGCGCCCTTGGGAGACCTTAAGGTAGCT 

KGQSARSGEP IGDLYKDTLI» 

■ 2160 

CGGGACGCGTTCACCACTCTTTCGTTACTGCGGTTCTGGTAACAACCGTOGACTGACGTT 
GQALP 5 FAIVGL GKNAA SQL 

• 2220 

GTTCAAGAGTGGCAGTAGCGGGCCAAGGAGGTGGGrXGCTAA^ 
, L N E . G D D GP EE V W R N I IS YSP 

- 2280 

G»CTACTTAGTCTTCGCCCGrCGGGAGGAGGCGGT^^ 

QHI LLPCGBEAMFEAA EATL 

• * 2340 

GAGACCTGGCATCCTTCTT TATGGGTGCATTTCTCGGAAAGGT CTGCGTTGTTACAGTGC 
EFGY55 IGVYLAKGSAVIDR 

- 2374 

<-orf3f 

GrTACGCATGTACCAAAGAAGGTTTCCTCATAGA 
LAVMTEELPTD 
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Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise" , and variations such as "comprises" and "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integers or steps. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Process for the microbial production of amino acids wherein a bacterial 
microorganism is modified such that the activity of the export carrier which is specific for the 
corresponding amino acid and which is encoded by a single export gene is increased and/or 
such that the expression of the single export gene specific for the corresponding amino acid of 
a bacterial microorganism producing the respective amino acid is increased. 

2. Process according to claim 1, characterized in chat the 
endogenous export carrier activity of the microorganism is in- 
creased. 

3. Process according to claim 2, characterized in that by 
mutation of the endogenous export gene a carrier with higher 
export activity is generated. 

4. Process according to one of the claims 1 to 3,, charac- 
terized in that the gene expression of the export carrier is 
increased by increasing the number of gene copies. 

5. Process according to claim 4, characterized in that to 
increase the number of copies the export gene is installed in a 
gene construct. 

6. Process ^according to claim 5/ characterized in that the 
export gene is installed in a vector with a low number of cop- 
ies . 

7. Process according to claim 5 or 6, characterized in 
that the export gene is installed in a gene construct which in- 
cludes regulatory gene sequences assigned to the export gene. 

8. Process according to claim 1, characterized in that the 
regulatory gene sequence includes a nucleotide sequence coding 
for the amino acid sequence given in table 1 and the allele 
variations thereof. 

9. Process according to claim 9, characterised in that the 
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regulatory gene sequence includes a nucleotide sequence of nu- 
cleotide sequence of nucleotide 954 to 82 according to table 2 
or a DNA sequence effective essentially in the same way. 

10. Process according to one of the claims 5 to 9, charac- 
terized in that a microorganism producing the respective amino 
acid is transformed with the .gene construct including the ex- 
port gene. 

11. Process according to claim 10, characterized in that a 
microorganism of the type Corynebacterium is transformed with 
the gene construct including the export gene. 

12. Process according to claim 10 or 11/ characterized in 
that for the transformation a microorganism is utilized in 
which the enzymes which participate in the synthesis of the 
corresponding amino acids are deregulated. 

13. Process according to one of the claims 10 to 12, char- 
acterized in that for the transformation a* microorganism is 
utilized which contains an increased part of the central me- 
tabolism metabolites. 

14. Process according to one of claims 4 to 13, character- 
ized in that the export gene is isolated from a microorganism 
strain of the type Corynebacterium. 

15. Process according to one of the preceding claims, 
characterized in that the export gene sequence is identified by 
comparison with the sequence of an already known export gene. 

16. Process according to claim 15, characterized in that 
that the amino acid sequence derived from the export gene se- 
quence to be identified is compared with the amino acid se- 
quence given in table 3 or the allele variation thereof. 

17. Process according to' one of the preceding claims, 
characterized in that the export gene expression is increased 
by amplifying the transcription signals. 

18. Process according to one of the preceding claims, 
characterized in that as export gene, a gene with a nucleotide 
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sequence coding for the amino acid sequence given in table 3 and the allele variations thereof 
is utilized. 

19. Process according to claim 18, characterized in that as export gene a gene with 
the nucleotide sequence of nucleotide 1016 to 1725 according to table 2 or a DNA sequence 
with essentially the same effects is utilized. 

20. Process according to one of the preceding claims for the manufacture of L- 

lysine. 

21 . A single isolated or modified bacterial export gene coding for an amino acid 
export carrier. 

22. Export gene according to claim 21 with a nucleotide sequence coding for an 
amino sequence given in table 3 or the allele variation thereof. 

23. Export gene according to claim 22 with the nucleotide sequence of nucleotide 
1016 to 1725 according to table 2 or a DNA sequence with essentially the same effects. 

24. Export gene according to one of the claims 21 to 23 with regulatory gene 
sequences assigned thereto. 

25. Export gene according to claim 24, characterized in that the regulating gene 
sequence includes a nucleotide sequence coding for the amino sequence given in table 1 and 
the allele variations thereof. 

26. Export gene according to claim 25, characterized in that the regulating gene 
sequence includes a nucleotide sequence of nucleotide 954 to 82 according to table 2 or a 
DNA sequence effective essentially in the same way. 

27. An isolated or modified regulator gene suitable for the regulation of an export 
gene coding for an amino acid and export carrier, including a nucleotide sequence coding for 
the arnino sequence given in table 1 and the allele variations thereof. 

28. Regulator gene according to claim 27 with the nucleotide sequence of 
nucleotide 954 to 82 according to table 2 or a DNA sequence effective essentially in the same 
way. 

29. Gene structure containing an export gene according to 
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one of claims 21 to 24* 

30. Gene structure including a regulatory gene sequence 
according to claim 27 or 28. 

31. Vector including an export gene according to one of 
claims 21 to 26 or a gene structure according to claim 29. 

32. Vector according to claim 31 with a low number of cop- 
ies. 

33. Vector including a regulatory gene sequence according 
to claim 27 or 28 or a gene structure according to claim 30. 

34. Transformed cell including, in a replicable form, an 
export gene according to one of the claims 21 to 26 or a gene 
structure according to claim 29. 

35. Transformed cell according to claim 34 including a 
vector according to claim 31 or 32. 

36. Transformed cell according to claim 34 or 35, charac- 
terized in that it belongs to the type Corynebacterium. 

37. Transformed cell according to one of claims 34 to 36, 
characterized in that in this cell the enzymes of the amino 
acid, which participate in the synthesis, are deregulated and 
wherein the amino acid is removed from the cell by way of the 
export carrier for which the export gene, which was transferred 
into the transformed cell, codes. 

38. Transformed cell according to one of claims 34 to 37, 
characterized in that the cell includes an increased proportion 
of central metabolism metabolites. 

39.. Transformed cell including, in replicable form, a 
regulatory gene sequence according to claim 27 or 28 or a gene 
structure according to claim 30. 

40. Transformed cell according to claim 39, including a 
vector according to claim 33. 

.41. An isolated or modified bacterial membrane protein specific for the export of amino 
acids comprising 6 transmembrane helices* 
42. Membrane protein according to claim 41 , including the 
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araino acid sequence given in table 3 wherein table 3 is part of this claim. 

43. Use of a single isolated or modified bacterial export gene encoding an amino 
acid export carrier for increasing the amino acid production of micro-organisms. 

44. Use according to claim 43, characterized in that a mutated export gene, which 
codes for an enzyme with increased export carrier activity is utilized 

45. Use according to claim 43 or 44, characterized in that the amino acid producing 
microorganism is transformed with a gene construct which includes an export gene. 

46. Use according to claim 45, characterized in that the gene construct additionally 
carries regulatory gene sequences. 

47. Use according to one of the claims 43 to 46, characterized in mat an export gene 
from Corynebacterium is utilized. 

48. Use according to one of claims 43 to 47, characterized in that Corynebacterium 
is used as amino acid producing microorganism, 

49. A process according to any one of claims 1 to 20 or an export gene according to 
any one of claims 21 to 26 or a regulator gene according to any one of claims 27 and 28 or a 
gene structure according to claims 29 or 30 or a vector according to any one of claims 31 to 33 
or a transformed cell according to any one of claims 34 to 40 or a membrane protein according 
to any one of claims 41 or 42 or a use according to any one of claims 43 to 48 substantially as 
hereinbefore described with reference to the Figures and/or Examples. 

DATED this 25th day of JULY, 2000 
Forschungszentrura Julich GmbH 
DAVIES COLLISON CAVE 
Patent Attorneys for the Applicant 
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